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Overview 
This Part diverts from the main thrust of examining collaboration with 
and contribution by the international research centers to considering several 
important research issues related to the future impact of the centers. The 
list is a partial one and sanewhat idiosyncratic in coverage. The CGIAR 
system as a whole rightfully can be considered as the largest systenatic plant 
breeding operation that the world has ever seen. Beyond what has been 
reviewed in chapter 6, other achievements in this field are not addressed 
head-on, because it is typically a central aspect of the quinquennial or 
external program reviews to be concerned with the plant breeding work. Some 
related aspects, however, are taken up in chapter 12 concerning gerxrplasm such 
as exploration, conservation, evaluation, enhancement, etc. This leads 
naturally to chapter 13 with its broad consideration of centers’ work in 
relation’to the protection of plants from pests, diseases and weeds. 
The next chapter concerns the development of tropical lands. Many 
tropical lands are inherently fragile whether they be (a1 presently under 
dense rainforests in the wetter areas, (b) more stable soils but in erosion- 
prone situations or (c) more semi-arid environments. Since many of the 
problems of concern to agricultural development in the tropics are not only 
challenging but also inherently sensitive, there are important policy issues 
to be addressed as to the desirability or otherwise of developing tropical 
lands, even when they may be sorely needed for expansion of agricultural 
activities in the face of growing population pressures. In sane cases, it is 
demonstrably socially short-sighted to farm such lands since their period of 
useful productivity is short, especially when the traditional resting period 
IV OVERVIEW: A2 9ma5 
of regrown natural vegetation is squeezed through ever-more intensive 
exploitation. Governments must be alert to the importance of long-term, sound 
and sustainable ecological management of what may be essentially irreplaceable 
resources. Several of the centers (but especially two of them) have been 
engaged in activities of relevance to tropical land development. Other 
pertinent issues which the centers have not yet been able to address are also 
noted here. 
A research policy issue of emerging importance concerns the degree to 
which new technologies can and should be adapted and developed for specific 
environments. The early successes with reduced plant stature and daylight 
- 
- 
insensitivity of wheat and rice germplasm led many research workers to a 
belief in wide adaptability of plant material as the most cost-effective 
strategy in plant breeding and technological development in general. Recent 
experience, backed by growing worries about the plant brefding issues raised 
in chapter 6, is contrary to this earlier belief and there is new a more 
active concern for a more appropriate “targeting” of technologies and genetic 
combinations to the needs of specific environments, especially where these can 
be associated with groups identified as the most needy. recipients of new 
technologies. The issues here (chapter 15) also relate to the degree to which 
it is possible to classify and describe the diverse edaphoclinatic (i.e., 
soil/climate) environments of developing countries. 
Closely related to this question is the important work that in .more 
recent times has been referred to as farming systens research. Amorgst the 
essential features of this research is a primary concern for the econanic 
viability and growth of particular groups of farmers and the generation of 
technological changes’ ‘appropriate to their circunstances and objectives. The 
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farmer, farm family or the larger household is put virtually on the pedestal 
of decision making and, in understanding the objectives of the decision making 
unit, technologists end others such as social scientists endeavor to shape a 
technological development that will be perceived to be more appropriate for 
those who are influenced by it and, in due course, actually will be more 
effective in realizing the complex ambitions of advancement. Unfortunately, 
the terminology has become rather clouded, and many diverse activities both 
within and without the centers are currently described as being within the 
- 
realm of such work. These issues are raised, reviewed and distilled and 
- 
conclusions drawn as to an appropriate stance for international institutions 
in this work as well as to their relevance and effectiveness in it. Certain1 y 
.there is universal agreement that such work is a multidisciplinary activity 
and that the centers, in being promtient in demonstrating effective 
transdisciplinary cooperation, have played an important role as exemplar for 
others who are often supported through bilateral assistance in similar work. 
- 
- 
The next set of issues addressed concerns the appropriateness or 
otherwise of research directed at enhancing the efficiency and exploitation of 
machines in agriculture. The centers have had relatively minor involvement in 
mechanization research but .severdl at various times have had significant 
engineering activities, and these are critically appraised with a view to 
drawing more general conclusions as to the desirability and utility of work 
that increasingly must be scrutinized in situations of excess*labor supply. 
A rather different set of issues is to be addressed in chapter 18 
concerned with the centers’ work on biological fixation of nitrogen, mainly 
through Rhizobiurn associations with legumes but also sane work with pzolla 
associations. Work on biological nitrogen fixation (BNF) is important in its 
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own right in connection with rising costs of energy, and thus of nitrogenous 
fertilizer manufactured from petroleum feedstocks, as well. as of potentially 
critical significance to resource-poor farmers with inadequate access to 
purchased inputs, especially manufactured nitrogenous fertilizers. To the 
extent that it is possible to develop “appropriate technologiesll that do not 
depend on such energy-intensive manufacturing, the work may prove to be of 
great significance in agricultural evolution. 
A purely retrospective view of impact is surely incomplete. 
Accordingly, an attempt is made in chapter 19 to catalog the major “pipeline” 
innovations that are in prospect in the systan. For selected major 
innovations, consideration is given to the likely pattern of adoption and sane 
economic dimensions of impact. 
- 
- 
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12.1 Introduction 
- 
- 
Some of the more readily measured, and demonstrably most important, 
impacts of the centers' and their partners' work in germplasm utilization and 
plant breeding are described in chapter 6. The intention in this chapter is 
to take a more center-centric view, and to focus more OR the several steps 
involving plant germplasm that are anticedent to the production of advanced 
lines and varieties. A more comprehensive discussion of most of the issues 
broached 6ere is available in a companion paper (Hawkes 1985) l / 
12.2 A Scheme for Overviewing the Work 
- Systematic efforts in plant germplasm work are longstanding, and the 
- centers are relative latecomers to the field. Accordingly, a logical first 
step in reviewing their activities is to assess the extent to which prior work 
has been surveyed for its guidance to further activities. Surveys are 
appropriately broad in concept ranging from consideration of uncollected 
materials in nature through assessment of the state of existing collections, 
including correction for duplication between and among collections, to their 
geographical/ecological scope and physical/biological aspects of their 
storage. 
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A central aspect of germplasm work is exploration and collection. Along 
with others, the centers have been more or less active in the work and, in the 
crop by crop account of section 12.4, this is the second aspect on which 
comment is made. 
The third consideration in the scheme is conservation. A genebank is, 
barring regular and risky regrowing of the collection, only as good as the 
quality of the storage. Long-term safe storage is now technically feasible 
but gene banks 'are by no means uniform in this respect. 
Evaluation is the fourth broad activity considered. This consists of 
characterization, screening, description and recording, preferably under 
diverse ecological circumstances. 
The next activities to be noted are more directly concerned with plant and 
crop improvement - namely, germplasm enhancement whereby particular genes are 
actively exploited through crossing, breeding trials whereby diverse germplasm 
is examined in different ecologies, and ultimately varietal release with its 
economic consequences (chapter 6). 
Other aspects considered as appropriate to complete the scheme are 
training, the state of the centers' various germplasm data bases, and the 
quality of any resedrch per se on germplasm matters. 
. 
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12.3 World Germplasm Activities and the Contribution of the CGIAR System 
* A major achievement of the IBPGR in its first decade has been to 
contribute to an increased awareness that genetic variation stored in 
cultivated crops and related wild species is an important natural resource. 
. 
- It is now widely recognized that processes are accelerating that threaten 
- 
the continued existence of some of nature's diversity. Traditional varieties 
(land races) are replaced by improved and often uniform varieties. 
Exploitation of forests, unchecked soil erosion and other consequences of 
human interference are taking their toll (see also chapter 14). 
The effects of plant breeding are often antagonistic to the maintenance 
of genetic variation even though the latter is its basic resource. 
Agricultural development requires increased yields, and this has traditionally 
been achieved by selection which has inevitably led to increased uniformity. 
Second, as environmental factors are better controlled (soil fertility, 
irrigation, disease and pest management), selection objectives are more 
closely defined, emphasizing productivity, quality and certain resistances 
effective over wide geographic areas. Close definition of generally valid 
selection objectives had led plant breeders to the use of often restricted 
gene pools that currently already satisfy many of the basic requirements. New 
characters are introduced as required. However, this is usually done through 
methods of crossing, minimizing changes in basic genotypic structures in the 
population or the recipient cultivar. Hence genetic resources are primarily 
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seen as a source of identifiable characters and only seldom as a source of 
increased overall genetic variation. 
The IBPGR recognizes that its primary task is not usually direct action 
but rather encouragement of genetic resources conservation, documentation, 
evaluation and utilization. However, the Board has had to take direct action 
in some situations. The Board is not primarily a technical assistance agency 
nor a funding agency for all genetic resources work. Rather, its work is 
conceptual and catalytic, and is evolving towards increased intellectual 
leadership through research, development of documentation techniques and 
training. It has encouraged development of networks of. base collections and 
of national genebanks for its numerous crops rather than building and 
operating genebanks. 
IBPGR works with more than 100 countries and almost 600 separate 
institutions in both the developing and industrial countries, concerning 
genetic resources of more than 100 crop species and several groupings of crops 
(e.g., forages which comprise dozens of species). IBPGR runs no genebanks, it 
controls no genebanks, it gives orders to no one. Except for its financial 
resources to assist, it has no power but persuasion. 
The Board strategy has been one of involving a broad segment of the 
scientific community in its planning and cooperative programs. Hence 
hundreds, perhaps even more than a thousand scientists and technicians have 
been or are involved in the Crop Advisory Committees, Working Groups, 
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workshops, planning meetings, training courses, collecting missions and other 
activities. Most serve enthusiastically and without remuneration- 
Among crops, the Board's priorities rest on the four criteria: (a) risk 
of genetic erosion, (b) economic and social importance, present and potential, 
(c) plant breeders' requirements and (d) size and scope of existing 
collections. The priorities in the first decade included food crops, oil seed 
crops and a limited number of 'industrial and minor crops and fuelwood trees in 
arid areas. In the early 198Os, some major fruits were added and, in 1982, 
forages. Regional and minor crops were supported in some circumstances, but 
in general, they were considered the task of national programs or other 
organizations. As collections began to be completed in certain crops, they 
decreased in priority. 
A recently published summary (IBPGR 1984) of the first 10 years of 
collecting activity stimulated by IBPGR has listed seeds of 138 crop species 
that have been deposited in genebanks. These have come from over 300 
collecting missions in 88 countries in all parts of the world. Over 550 
collectors have been involved, the majority of whom came from developing 
countries. The resulting material was placed in genebanks in more than 450 
organizations in 91 countries, well over half of them being developing 
countries. Genebanks now have substantial collections of most major crops as 
well as material from many other important crops. Rough estimates have been 
made by IBPGR staff, curators and others on the amount of genetic variation 
collected (Table 12.1). The percentages should be interpreted as rough 
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Table 12.1 IBPGR-estimated number of accessions for some of the main food 
crops and percentage of the total variability collected 
Accessions "Distinct" 
in maj.or accessions 
genebanks 
Degree of Threat to 
comprehensiveness material 
Landraces Wild in the 
Species field 
Wheat 400 125 95 60 
Rice 200 70 70 10 
Maize 70 60 90 n.e.a 
Barley 250 50 40 10 
Sorghum 90 20 80 10 
Phaseolus 65 33 50 10 
Groundnut 33 10 70 50 
Sweet potato 8 3 60 1 
Potato 42 30 95 n.e. 
Okra 3 2 80 3 
Cowpea 18 12 75 1 
thousand thousand percent percent 
medium 
medium 
medium 
high 
medium/low 
low 
high 
low 
medium 
high 
a n.e. denotes not estimated. 
CH 12:9/2/85 
7 
estimates of what can be considered as "adequate" collections of the various 
crops. 
- 
It is believed that a large amount of the genetic diversity of the major 
crops has now been collected. Many countries have been involved and local 
resources have been employed as much as possible. Learning about existing 
gaps remains an important task. In order to identify gaps and fill them, a 
- knowledge of genetic diversity already represented in the collections iS 
necessary, through characterization and evaluation of these collections. 
Knowledge of what remains in the field in centers of crop diversity requires 
assessment of genetic diversity within those centers and of collecting 
strategies needed to sample best that diversity. 
Base collections are those which have the capability of long-term 
storage. An active collection, in contrast, is used for regeneration, 
- multiplication, exchange, evaluation and documentation. A base collection 
- must be closely associated with an active collection since base collections do 
not usually become involved in germplasm exchange. This is not well 
understood, and misunderstandings have led to unwarranted charges of 
restrictions on the free flow of germplasm. 
Another point often misunderstood is that the "global network" of IBPGR 
consists of base collections only. Also, not all genebanks with long-term 
storage capacity have been designated as base collections by IBPGR. The 
designation as a base collection is made by the Board according to its 
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strategy that, for each major crop, there should be at least one center, 
preferably two, designated by the Board, which accepts responsibility for 
holding a base collection of materials under conditions assuring their 
long-term viability. 
The Board, aided by worldwide advice from its Crop Advisory Committees 
and Working.Groups plus staff and consultants, considers that about 50 base 
collections are needed to form a reasonably complete network that will cater 
to the needs of some 40 crops or groups of crops. The Board expects the 
target of 50 base collections will be completed by 1986 and that by 1990 all 
those base collections will have been duplicated.- IBPGR, more than any other 
single agency, or group of agencies, has salvaged the major part of the 
world's crop germplasm. But more work is needed in respect of wild species 
related to the crops themselves. 
The problems of seed storage under conditions favourable to long-term 
conservation and minimal loss of the genetic integrity of the original samples 
have been addressed. IBPGR's scientific promotion for the storage of orthodox 
seeds is excellent. IBPGR has also turned its attention to recalcitrant 
seeds; these are seeds that cannot be stored by techniques in which 
temperature and humidity are reduced. The solution lies in the field of in - 
vitro storage of meristems rather in storage of the seeds themselves. The 
organization of international efforts in the field of in vitro conservation -- 
has been chiefly concerned with the conservation of clonally propagated 
materials and species where seed storage is either difficult or impossible. 
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12.3.1 Use of data and new descriptors, and creation of global networks 
/ 
IBPGR has placed considerable emphasis on documentation and computer 
storage of information on existing germplasm collections, Assistance with the 
purchase of "hardware" has been provided for 22 countries, mostly in the form 
Of microcomputers. Although much effort and financial support has been 
provided in this area by IBPGR, the results have been mixed. A steady flow of 
data into the data base systems and out again when requests for information 
are received,' is still not attained in most countries. 
In section 6.4 the question was raised of the importance of interactive 
* 
geneotype - environment effects in diverse socio-agricultural environments. 
If these effects are judged important, they have implications for germplasm 
conservation work. At-the point of collection, it would be posible to record 
information on two kinds of so&o-agricultural components of GE effects: end 
uses and husbandry descriptors. An exmple of the first would be whether or 
not sweet potato or cassava leaves were being used and, if so, whether fresh 
or dried, as a vegetabele. Examples of the second would be the ancient Hopi 
(N. American) practice of planting a certain maize variety 12 inches deep to 
avoid drying winds in an area where annual rainfall may fall to four inches; 
the storage technology used for a particular cassava variety for up to 18 
months above ground, in Luapula Province of Zambia; or the intercropping of 
compatible maize-climbing bean varieties. Descriptors of these kinds have not 
been recorded and are inherently unlikely to be observed in laboratory tests 
or in planting art. IBPGR could take the lead in identifying and developing 
field recording of these kinds of descriptors. 
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National genetic resources programs have been established in 83 countries, 
of which 50 were assisted or stimulated by IBPGR. National committees have 
been created in about 25 countries. Its work is chiefly concerned with. 
coordination of country activities, exploration, conservation and training. 
Regional coordinators have been appointed, for Europe, Latin America, W., E., 
and N. Africa,'S.E. Asia and the Middle East. Some regions are much more 
advanced than others. S.E. Asia and Europe are examples of good cooperation, 
whilst S.W. Asia is an area where many difficulties have been encountered. 
Latin America, W. Africa and E. Africa are just in the initial stages. 
12.4 Centers' Activities by Crop 
12.4.1 Wheat 
Wheat and wheat relatives have been collected by expeditions from many 
different countries and are stored in gene banks in various parts of the 
world. IBPGR (1981) is the first published attempt to study what materials in 
national and regional gene banks and where collections should still be made. 
Further collecting still needs to be done, particularly in N. Africa, S. 
Europe and S. USSR. The impetus here comes from IBPGR. CIMMYT has had no 
apparent influence but ICARDA in 1984 collected durum wheat and barley in 
Morocco with IBPGR. 
Wheat collections are held in 40 different countries, 24 of them 
developing. The CIMMYT wheat collection is largely a breeders' working 
collection. The composition of the bank is approximately, in percent: 
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materials derived from land races, 15; developing country varieties and other 
advanced lines, 50; industrial country varieties, 4: wild species, 5. This 
is, therefore, not a germplasm bank in the usual sense, and the small 
proportion of land races and wild species militates against a proper use of 
- 
these resources in the plant breeding program. The genetic base is narrow, 
even though it is most effective for short-term advances. Thus, in a wider 
long-term sense, it must be difficult for CIMMYT to make effective use of the 
total world wheat genetic diversity. 
- 
The ICARDA position in respect of durum wheat is a little better. The 
16,412 accessions of &rum wheat consist mainly of land races, a large 
proportion being from high elevation sites. More samples need to be banked. 
The genetic base is a satisfactorily broad one and, when storage facilities 
are complete and material is moved, the effects of the work should be very 
positive. 
- 
- 
A tide crossing program started at what is now CIMMYT in 1959, the work 
was targeted towards resistance to Helminthosporium sativum, Fusarium 
gramineum and stress tolerance to salt, drought, heat, aluminum and copper. 
Crossing sucdess has been low, with much autosyndetic pairing in the Fls- 
Some 27,000 lines from these crosses have been evaluated, however, and some 
promise is shown. Little use has yet been made of bread wheat land races. 
, The cereal breeders at TCARDA have begun a wide crossing program using durums, 
Triticum dicoccoides and T. aestivum. 
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CIMMYT's wide cross program has the purpose of introgressing useful genes 
from related genera to wheat. To date, 188 intergeneric crosses to wheat have 
been accomplished since the revised wide cross program was initiated in 1979. 
The intergeneric crosses together with germplasm from CIMMYT's recently 
expanded interspecific crossing program should serve the variability needs for 
a very long-term wheat breeding program. to assist in the introgressing of 
genes from related species and genera, CIMMYT has collaborative projects 
underway in Australia, United Kingdom and the United States, with research 
institutions that are on the cutting edge of science in the development of new 
biotechnology. 
The benefit derived from wheat-breeding research is described in 
chapter 6. Training in evaluation, breeding and trial work has been intensive 
and has provided major accomplishments in the development of national programs 
and in the correct utilization of CIMMYT and ICARDA breeding lines. 
Satisfactory data-base systems have been developed at ICAKDA, but the CIMMYT 
data-base system started very late and inventories are not yet available. 
CIMMYT can be criticized for its lack of .interest in surveys and 
exploration activities, for its to apparent reluctance to accept global 
responsibility for bread-wheat germplasm (through its interpretation of its 
present mandate), and the rather narrow genetic base of its gene-bank 
material. This latter may result in a program with too narrow a genetic 
base. Nevertheless, CIMMYT's record for the breeding and release of varieties 
in cooperation with national programs is spectacular. However, it may tie11 be 
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difficult to maintain this much longer if the genetic base of the CIMMYT 
collections is not considerably broadened. CIMMYT's gene bank should perhaps 
be more "active" and not confined almost entirely-to "working": it should 
possess a broad genetic base of land races and wild species of wheat, Aegilops 
and related genera. ICARDA's record in this respect is better, but the gene 
bank activities need to be sped up greatly. 
- 
CIMMYT has a strong program underway in the development of the man-made 
crop, triticale, a product of wheat x rye cross. Triticale is destined 
primarily as a food and feed crop for areas not generally suitable for wheat 
or maize such as acid soils and arid and semi-arid regions. Since the 
inception of triticale research at CIMMYT in 1968 the crop has been changed 
form that of a scientific curiosity to a useful crop. Tunisia, Brazil, 
Argentina and several other countries are now increasing their triticale 
hectarage. Poland hopes to have in production l,OOO,OOO hectares of triticale 
by 1990. Variability for triticale by 1990. Variability for triticale 
breeding is limited but recent improvements in biotechnology have greatly 
enhanced the number of wheat x rye combinations being made which will quickly ' 
broaden genetic variation in triticale. CIMMYT is maintaining a germplasm 
collection of spring triticales in Mexico. Practically all known spring 
triticales are included. 
12.4.2 Barley 
Neither CIMMYT nor ICARDA has undertaken a survey of materials in the 
field and in the gene banks (they rely on IBPGR for this function), but IBPGR 
and ICARDA assembled data.on world barley expeditions and concluded that 
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Ethiopia and Turkey were fairly well-collected (excpet for further "inland" 
collections in Ethiopia), whereas other countries were either poorly 
collected, or there was little information on the collections, e.g., China. 
Only 12,000 land race and wild species collections have been made, of which 
more than one third are from Ethiopia and more than 10 percent from a single 
expedition carried out in Greece, Turkey and Iran. Further barley collections 
should be made in the ICARDA mandate area of N. Africa and the Middle East. 
Special areas to search are the Atlas mountains and other mountainous areas, 
desert oases and wadis. 
In the 1984-85 season, ICARDA collaborated with IBPGR in a collecting 
mission to Morocco when 89 samples of barley were collected as well as other 
crops. ICARDA should make itself responsible, either alone or with IBPGR, for 
a crash program of barley land race and wild species collections, since 
otherwise, not only will much genetic diversity be lost, but even if it is 
not, it will be unavailable to breeders. CIMMYT has a breeders' working 
collection of 4630 barley accessions, ICARDA possesses 14,215 accessions, 
i mainly obtained from the USDA small-grains collection. Storage is only 
medium-term at present. 
Some 8000 accessions have been characterized at ICARDA using 25 
descriptors, all but two being morpho-agronomic and the rest dealing with 
protein and lysine content. Most screening is presently done in ,the 
field. Drought resistance is extremely important and land races from China, 
Tibet and Korea have been evaluated for this character, as well as some from 
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the Middle East and 780 accessions of H. spontaneum. Salt tolerance is also 
of importance and 69 barley lines have shown promise for salt-drought 
tolerance. A preliminary catalogue for 5000 accessions has been produced. 
Little germplasm enhancement is done but, perhaps with barley, it is 
unnecessary when using H. spontaneum and land races for problems of barley 
production in the Middle East. Conventional barley breeding using European 
and American breeding lines and cultivars is not very useful in solving 
- 
problems of drought and salt tolerance in the ICARDA mandate areas. Varieties 
are needed that are able to yield in regions of low rainfall (180 to 325 _ 
- mm/yr) or where green-stage grazing by sheep is possible (dry stubble is even 
more important). Testing at seven sites and with the usual types of nurseries 
(including key-location disease nurseries) in Lebanon, Syria, Tunisia and 
Cyprus has shown that a number of land races and selections from them show 
considerable promise. 
- 
- 
The ICARDA genetic resources unit (GRU) was formally constituted only in 
1983 to replace and coordinate the previously somewhat haphazard accumulation 
of germplasm within the crop programs, so it has not done too badly in respect 
of barley germplasm. Effectiveness, while still small, should be improved 
when a cereals liaison officer is appointed, and when the genetic base is 
broadened. 
12.4.3 Rice 
The global mandate for rice genetic resources lies with IRRI. West 
African rice (both 0. sativa and 0. glaberrima) comes within IITA's mandate 
but is also encompassed within that of IRRI. Two workshops were convened 
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jointly by IRRI and IBPGR to review the needs and priorities for rice 
exploration and conservation (IBPGR/IRRI 1978, IRRI/IBPGR 1983). The 
IBPGR/IRRI (1982) rice advisory committee reported on Asian wild rices,' 
setting out priorities for exploration, conservation and characterization. 
Rice exploration activities have been well coordinated and documented. 
Manuals for field collectors have been published. A coordinated exploration 
scheme involving fourteen countries in S. and S.E. Asia has been established 
by IRRI. An IBPGR exploration officer has recently been seconded to IRRI with 
a view to collecting from regions where inadequate numbers have so far been 
received. More than 8000 samples have been assembled from "stress" 
environments. From 1971-84, some 39,200 samples were collected in Asian 
countries, a little less than one third of which were obtained by IRRI 
expeditions. IBPGR grants enabled nearly 11,000 examples to be assembled from 
seven Asian countries and Madagascar. In Africa, coordinated efforts between 
IITA, ORSTOM, WARDA, etc. provided nearly 9000 samples, of which 872 were of 
0. glaberrima and 77 were of wild species. 
Long-term base collections are held only at IRRI (global) and IITA and in 
the U.S.A. (regional), although major collections are held in a dozen other 
countries. An excellent program for rice storage and regeneration is in 
operation at IRRI (IRRI/IBPGR 1983), and there were just under 80,000 entries, 
in June 1983 including 1100 wild species accessions. The IITA collections of 
nearly 9000 entries are under medium-term storage, but only one half of the 
collections can be accommodated in long-term base storage conditions. A grant 
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received by IITA from the Italian government in 1984 will provide the correct 
conditions and capacity for base storage of rice and other crops. 
IRRI's evaluation program includes not only characterization for 50 
morpho-agronomic features but also for a range of 38 resistance and adaptation 
characters. IITA uses 44 morpho-agronomic characters and a range of pest and 
disease resistance features related to African conditions. In both institutes 
evaluation is very satisfactory. 
The input of disease- and p.est-resistant and stress-tolerant germplasm 
into rice gene pools, using a team approach is progressing actively (Chang et 
al. 1982). Introgression of useful genes from wild species into cultivated 
races can be valuable (e.g., resistance to grassy stunt virus from 
0. nivara). Green leaf-hopper resistance has been transferred from 
0. glaberrima to 0. sativa through hybridization. The transference of 
aluminum tolerance from Brazilian to Asian rices and of iron toxicity 
resistance from African to Asian rices has also been noteworthy. The benefits 
of rice breeding research in the centers are described in chapter 6. 
At both IRRI and IITA, training in genetic resources work and related 
disciplines has been good. Two course& have been organized at IITA financed 
by IBPGR. The gene bank at IRRI has provided 2-6 month in-service training on 
genebank management for staff of national research institutes. Both 
institutes have good programs of data storage and retrieval. Catalogues have 
been developed and requests for special information can be supplied. 
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12.4.4 Maize 
Since maize is now grown in nearly all tropical, subtropical and warm 
temperate countries of the world, the problem of conserving its diversity is 
rendered more complex than that of a crop restricted to a smaller and more 
uniform area. The centers of diversity lie in Latin America. The CIMMYT 
maize bank, which contains most but not all the Latin American germplasm, has 
no computerized data storage and retrieval system from which inventories or 
computer-generated maps can be constructed. Such a data base should also 
incorporate information from the more important national maize collections in 
Latin America and, if possible, in other parts of the world. ' There is thus 
poor information about where collections should yet be made. The lamentable 
lack of impact here is.due to the low priority set by CIMMYT in the past for 
this type of work, including the proper management of the maize gene bank 
itself. In November 1984, CIMMYT agreed to accept global responsibility for 
maize germplasm from 1985 onwards, and long-term storage and other facilities 
will be provided. 
- 
IBPGR has sponsored maize collecting expeditions in various parts of the 
world. Although it believes that world maize collections are adequate, apart 
from the Himalayas and a few other small areas, this will not be certain until 
the computerized surveys are completed. A great range of land race material 
has been collected .in the past. It is to be hoped that this still exists in a 
viable condition in the banks. CIMMYT has a rather poor medium-term storage 
facility for 15,000 samples running at 0-3°C with a relative humidity of about 
32 percent and a seed moisture content of about 11 percent, but planned 
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improvements should raise the storage life from 20-25 years to 40-50 years. 
All materials need regeneration, and this is being carried out cooperatively 
between CIKMYT and Pioneer at the rate of some 500 samples per year. At this 
rate it will take 20 years to complete. It has not been possible to 
regenerate 1200 of- the original collections and 750 of them, which come from 
Ecuador and Peru, cannot be brought to the flowering stage in Mexico. .The 
CIMMYT collection is basically a very valuable one. It should certainly be 
better stored and coordinated to give it greater potential impact. Some 30 
maize populations are included in international testing. However, the 
effective use of wild maize relatives is less strong, and this aspect needs 
considerable improvement. 
Characterization will progress steadily as material is regenerated. 
Apart from this, a great deal of evaluation has been in progress. Material 
has been assessed at different sites and, when found useful, has been taken 
into the enhancement program. Techniques of single mass inoculation have been 
evolved that can be used easily in developing countries. In addition, 
tolerance to stress conditions such as aluminum and cold tolerance is actively 
looked for in all the collections. Yielding ability is not considered to be 
of such importance, since it already exists in advanced. breeding lines. 
The contribution of the.centers to the genetic improvement of ma.ize is 
discussed in chapter 6. 
In summary, more wild material ought to be stored and evaluated, 
particularly a broad base of Euchlaena germplasm. Perhaps less effort should 
be devoted to very long-term activities, such as attempts at maize-sorghum 
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crosses. Impacts are very strong on breeding, working with national programs 
and varietal releases. Finally, the' recent decision to accept the global 
mandate for maize genetic resources should make it possible for an even 
broader maize genetic base to be evaluated and utilized within the next 
quinquennium. 
12.4.5 Sorghum and millets 
Sorghum and millet surveys were carried out by the IBPGR Advisory 
Committee on Sorghum and Millet germplasm in 1976 and 1981. On the basis of 
their priorities and recommendations, a world survey was published later 
(Acheampong et al. 1984). Good collections of cultivated sorghums exist, even 
though urgent work is needed in the Central African Republic and Chad. There 
is extremely poor representation of wild forms in the genebanks and, in 1982, 
only 167 collections belonging to 10 taxa were in the ICRISAT collection. 
Much more collecting is needed, especially in Ethiopia, eastern E. Sudan, 
Uganda, Burundi, Rwanda, Kenya and Tanzania. 
Pearl millet is also under-represented in respect of wild materials, 
which are needed from Niger, Sudan and Burkina Faso. Cultivated and wild 
materials are needed from the Central African Republic, Chad, >lauritania, 
Namibia and Sierra Leone. The oases of N. Africa and certain areas of 
Ethiopia also need to be explored, as well as E. and S. Africa, parts of Ws 
Africa, Burma, PDR Yemen, Spain, Pakistan and India. Both the cultivated 
species and progenitor materials of finger millet need to be collected as well 
as other wild species in the secondary gene pool, or even the tertiary one. 
- 
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Very little collecting and other work has been done on the more minor related 
species, including foxtail millet, proso millet, little millet, barnyard 
millets, Kodo, Forio millets and teff. 
A total of 24,604 sorghum collections are held at ICRISAT under 
medium-term conditions, and a new long-term storage facility at -18°C with 
capacity for 100,000 samples is almost completed. About half of the 
collection was taken over from the Rockefeller Foundation collection. A wide 
"range of genetic stocks is stored. Over 210,000 germplasm samples have been 
distributed. Large collections are stored also in Argentina, Australia, 
China, Ethiopia, ORSTOM (France), India, Mexico, Romania, Thailand, USSR, 
U.S.A. and Yemen A.R. Sorghum long-term security base collections agreed to 
by IBPGR are at ICRISAT and Fort Collins, U.S.A. Similar collections for 
Pennisetum are a't Ottawa, ICRISAT and Fort Collins; for Eleusine at Addis 
Ababa, for Panicum miliaceum at ICRISAT; and for Setaria italica at Beijing, 
and ICRISAT. 
ICRISAT stores 16,985 samples of pearl millet, again half coming from the 
Rockefeller collection and 1863 samples of finger millet, whilst the Indian 
national collection numbers about 6000. There are 1260 accessions of 
foxtail millet at ICRISAT and nearly 10,000 samples in China and India 
(possibly including duplicates). 
ICRISAT's evaluation work on gramineae is confined to sorghum and pearl 
millets. The other millets are stored only, but IBPGR has provided funds for 
their characterization. For sorghum, 20,355 lines have been evaluated using 
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morpho-agronomic characters. Disease, pest and drought resistance has been 
recorded but merely on the basis of no attack or apparent adaptation. 
Screening against grain mold, downy mildew, Striga and midge has been carried 
out also. Large-scale pearl millet characterization and screening for 
resistance to downy mildew, ergot and smut has been undertaken, and 16,022 
lines have undergone morpho-agronomic evaluation. 
- 
Attempts have been made to introgress genes from agronomically poor or 
wild material into a high-yielding short-stature and daylight insensitive 
background - the so-called conversion process. This has been accomplished 
both in sorghum and pearl millet. Since there is not a wide range of wild and 
weedy materials of either crop in the genebank, there has not been too much 
scope for such work. Sorghum and millet breeding research is discussed in 
chapter 6. 
12.4.6 Potato and sweet potato 
CIP accepted the global mandate for potato genetic resources when it was 
first founded. It does not conserve the cultivars of N. America, Europe, Asia 
and Africa, however. CIP has recently approved a program of research for 
sweet potato in specific aspects where CIP has a comparative advantage, whilst 
IITA previously accepted the total global mandate for this crop but, in 
practice, confines its activities to Africa. AVRDC has been allocated the 
mandate for sweet potato germplasm in Asia by its governing board. CIP has 
made a major impact in surveys and has moved much further than any of the 
other centers. Planning conferences attended by authorities from various 
m 12:9/2/85 
23 
countries were convened at three-yearly intervals to establish priorities for 
countries, and for cultivated and wild potato species. 
- 
- 
An IBPGR survey of sweet potato germplasm was published in 1981, and CIP 
has commenced a sweet potato survey for the Americas. Wild species are to be 
collected in the Americas particularly, since these are considered to be 
genetically closer to the cultigen. Wild species in other parts of the world 
(Africa and S.E. Asia, especially) ought also to be included so as to provide 
as broad a genetic base as possible. 
By 1980, over 90 percent of the total cultivated potato germplasm had been 
collected, due to.a crash program funded from the CIP core budget. This is 
unique amongst the CG system. Wild species have also been systematically 
collected, particularly in Ecuador, Peru and Bolivia, following the 
recommendations of the planning conferences. Collections in Argentina, 
Colombia and Chile were made with national funding, helped also by CIP and 
IBPGR. In Mexico, joint Mexican/USA/Canadian expeditions have added 
materially in recent years to the wild potato germplasm already present in 
several gene banks in the USA and Europe. Funding from F.R. Germany and the 
Netherlands has recently been provided, together with CIP support, to collect 
in Bolivia and Argentina. Some 1500 samples of wild potato germplasm have now 
been collected from Peru, and even more from Bolivia and Argentina together. 
Most of the Bolivian, Argentinian and Mexican collections were made by 
collectors not employed by CIP, but with full coordination with it. This is 
an excellent CIP record which provides strong impacts on activities further 
down the genetic resources chain-. 
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IITA now has 1000 clones of sweet potato collected since 1976 in 
expeditions to 18 African countries. AVRDC, with help from IBPGR has 
established a very large collection (some 1,200 samples). Collaborative 
exploration work has been effected in Indonesia, Malaysia, the Philippines, 
Thailand and Papua New Guinea. 
The cultivated potato collection at CIP consists of 5000 samples. These 
are grown annually at high altitudes in the experimental fields and are stored 
in a controlled conservation facility. Duplicates were eliminated with the 
help of a computer and checked biochemically in Germany (at BRD)= In vitro -- 
storage has 'been developed, and currently 250 clones are being stored. The 
wild species collection consists of 90 species and 1500 samples, stored as 
true seed, together with seeds of the cultigens, in a medium-term store. The 
limitations in this work are the slow progress in producing enough true seed 
of wild species for storage, and the lack of response to requests for samples 
from outside bodies. The difficulties with clonal distribution are that 
virtually only in vitro, pathogen-free material can be dispatched. IITA -- 
holds 1000 clones of sweet potato in tissue culture. Superior clones from 
this collection tested to be virus-free have been distributed to 49 
countries. It was agreed by IBPGR that AVRDC should be a Clonal repository 
for sweet potato germplasm and its collection now consists of 1200 entries. 
Some 736 collections are also maintained in Papua New Guinea in a vegetative 
state. 
- 
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All the entries of cultivated potato at CIP have been characterized 
according to the agreed IBPGR descriptor list. There are 56'morphological 
descriptors, 10 agronomic ones, 5 for frost, drought and heat, 16 for diseases 
and pests (butpathotypes or races are not distinguished and thus these are 
not very useful), and 4 chemical descriptors. Wild materials have been 
identified and described, and new species published. Interesting resistances 
- are known amongst wild species to the potato leaf roll virus, potato spindle 
- tuber viroid, and different pathotypes or races of bacterial wilt, the two 
cyst nematodes, and viruses X and Y. Evaluation at IITA for resistance to the 
sweet potato virus disease complex and weevil has shown promise with 55 lines 
out of 414 tested in the glasshouse showing a high degree of resistance to 
Meloidogyne incognita and M.javanica. Much work at CIP and in many institutes 
in N. America, Europe and elsewhere involves the breaking of crossability 
barriers by means of conventional methods using bridging species and through 
the use of modern in vitro techniques such as protoplast fusion and embryo -- 
culture. 
- 
At CIP a strategy of potato population breeding and recurrent selection 
is used to increase the frequency of resistance genes in gene pools. 'However, 
in the first ten years of CIP's work, clones from developed country programs 
were mostly used to contribute good agronomic characters so as to make good 
materials quickly available for developing countries. The genetic resources 
collection is used as an essential source of resistance, especially to cyst 
nematodes, frost and viruses, and adaptation to the lowland tropics. Wild 
materials particularly are being used for resistance to Phytophthora, 
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bacterial wilt, root knot and cyst nematodes , potato spindle tuber viroid and 
leaf roll and X viruses. All potato evaluation results are deposited in a 
computerized data storage system and are available on demand but, 
unfortunately, no inventories have been published and no detailed information 
on wild species can be obtained. Results of breeding research on potato are 
described in chapter 6. 
- 
12.4.7 Cassava and yams 
- 
CIAT has accepted the global mandate for cassava germplasm; substantial 
collections are also kept at IITA. IITA has a global mandate for yam 
improvement. More wild species collections are still needed from the centers 
of diversity in S.W. Mexico and N.E. Brazil. Of an estimated total of 98 wild 
species, all but 19 are found in S.-America. CIAT has 31 wild species but the 
number of samples of some may be small. They are of interest to breeders for 
possible presence of characters conveying low hydrocyanic acid content, 
disease and pest resistance, high starch and drought resistance. Materials 
have been collected by CIAT in collaboration with IBPGR and national programs 
in all the major distribution areas from Mexico to Paraguay. 
The pace and influence of cultivated cassava exploration work is very 
good. There are three distinct strategies for cassava conservation at CIAT, 
the trial fields, seed collections and meristem collections. The total 
cassava holdings are 3,600 entries and over 2,000 of these have been 
successfully put into in vitro storage. A set of 40 to 50 elite lines is kept -- 
in vitro for distribution to institutes requesting them. Because of -- 
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quarantine restrictions, all intercontinental exchanges, and most 
international ones in Latin America can now only be made in the form of in - 
vitro materials. Transfer of germplasm from 1973-1984 took place to 50 
countries in the form of stakes (699), in vitro (832) and seeds (321,611). -- 
. 
Preliminary evaluations include yield, root quality and disease and insect 
resistance. Most lines are evaluated at four sites, (namely, N. coast, a mid- 
altitude zone, E. plains and the highlands). CIAT has not yet found 
resistance in the cultigen to the African mosaic virus but this is found in 
the wild species, Manihot glaziovii, and, in Africa, IITA has identified many 
resistant lines that are widely grown by farmers. There is an urgent need to 
extend the evaluation of the wild species. Promising levels of resistance 
have been found to thrips, mites, whiteflies, mealybugs and lacebugs. 
Tolerance to low soil fertility has also been found. Some work on bridge 
hybrids has been in progress to broaden the genetic base and to concentrate 
- 
useful characters in advanced breeding lines. Little work has yet been 
attempted to introgress useful characters from wild Manihot species into the 
- cultigen. Basic research on wild species and their genetic compatibility with 
the cultigen is still at an early stage although IITA has successfully made 
three inter-specific croses (matching its achievements with sweet potato). 
IITA maintains a germplasm collection for white yam (Dioscorea 
rotundate), water yam (D. alata), yellow yam (D. cayenensis), and trifoliate 
yam (D. dumetorum). These include 741 accessions for D. rotundata, 310 for 
D. alata and smaller numbers for the other species. 
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Following extensive studies of flowering habit, seed behavior, plant 
physiology and activity of pollinating agents under field conditions, IITA 
scientists have perfected the basic techniques of hybridization, seed 
germination, seedling establishment, and rapid multiplication of the 
selections for artificial yam breeding. Using these techniques, many 
promising white yam clones have been produced. 
Many water yam clones that have resistance to necrosis disease and have 
high yield potential (up to 40 t/ha when staked and 20 t/ha unstaked) have 
been selected from the germplasm collection. Some of these have tubers that 
are round, uniform in shape and size and have thick periderms. They are 
therefore ideal for mechanical harvesting and processing. Such clones include 
TD 291, TDa 251, TDa 310, and TD5. 
12.4.8 Faba beans and lentil 
ICARDA has accepted the world mandate for these two crops. Collections of 
faba beans are still seriously under-represented from countries such as China, 
Iran and India. However, a proper survey based on the distribution of 
collecting sites is still needed. ICARDA has set out priorities for 
collecting in N. Africa. W. and S. Asia and Chile. Collections of wild 
lentils urgently need more material, and are very under-represented. A proper 
survey of passport data in the existing collections is required. 
-ICARDA holds major collections of faba beans (2791) and ientils (5838) and 
will hold more when its long-term (Italian financed) storage facilities are 
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available. Materials are shared with requesters. With encouragement from 
IBPGR, more of both crops and their wild relatives will be collected. 
The method adopted for screening the land race samples of faba bean, when 
each sample'is highly variable within itself, is to screen the pure lines 
extracted from each, whilst still retaining the original population sample. 
- Good sources of Botrytis and Ascochyta resistance have been identified and 
- selections able to grow in low rainfall areas have emerged. Nematode and 
Orobanche resistance has also been found in the genetic resources materials. 
Wild lentils have not yet been properly evaluated. In examining 4550 
accessions, features useful to breeders were identified including cold 
tolerance, height, lodging resistance, and rust and Ascochyta resistance. 
Collaboration with Egypt and Sudan in screening for certain important pests 
and diseases has also been arranged. After crossing and selection the 
materials go to yield trials followed by international yield trials and 
screening nurseries. Other objectives, in addition to high yield, resistances 
and drought tolerance, are protein content and the elimination of favism 
factors. Several training courses in genetic resources work for Arab speaking 
participants have been organized at ICARDA and ACSAD with the help of the 
IBPGR regional coordinator for N. Africa and the Middle East. The book on 
genetic resources for chickpeas, faba beans and lentils published by ICARDA in 
collaboration with IBPGR should facilitate further work on these species. 
12.4.9 Phaseolus beans 
CIAT has accepted responsibility for the exploration, storage and 
characterization of all four cultivated Phaseolus species, .together with their 
CH 12:9/2/85 
30 
wild relatives. The breeding and improvement program is confined to one 
species only, P. vulgaris. No far-reaching surveys have been made of 
materials in the various Phaseolus collections in different parts of the world 
with a view to looking for gaps in species and countries where collecting 
should be undertaken. It seems clear that more efforts are needed to collect 
P. coccineus, P. lunatus and P. acutifolius, even allowing for the fact that 
their areas of cultivation are not so extensive as that of P. vulgaris. 
CIAT has made or encouraged expeditions, generally with IBPGR funding, to 
the Phaseolus regions‘of primary diversity and origin, particularly Mexico, 
Central America, Colombia, Venezuela, Ecuador, Peru, Bolivia, Argentina and 
Brazil. Collections have been made by national scientists and by USDA and 
IITA teams in Africa, Asia; the Iberian peninsula and elsewhere. 
Storage conditions are of good quality. At present, 17,000 samples are in 
the active collection and 3000 in the base collection. There are quarantine 
problems concerned with the introduction of materials from Africa, Asia, E. 
Europe and Brazil. Six thousand samples of this type lie, losing viability, 
untouched in the active store, since the Colombian authorities require each 
sample to be grown for a season in a quarantine house and the national 
facilities for this are inadequate. 
Transfer of raw germplasm to other countries has included nearly 25,000 
samples, mainly in response to requests for specific characters from national 
program breeders, entomologists and pathologists. In addition, 74,900 samples . 
were passed to the CIAT bean breeding program. Most of the screening, at CIAT 
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has been done on the P. vulgaris materials in connection with the breeding 
program. The materials are characterized using 28 out of the 59 IBPCR 
morpho-agronomic characters. Some 12,000 accessions have been processed in 
this way and the information passed into computer storage. In all the plots, 
the accessions are evaluated for growth, adaptation and yield as well as field 
, 
resistance to diseases and pests. This is followed by more careful evaluation 
- for resistance to bean golden mosaic virus, common bacterial blight, Ascochyta 
leaf spot, leafhopper, Zabrotes and Acanthoscelides. Breeding results with - 
these crops are described in chapter 6. 
12.4.10 Chickpea and pigeonpea 
The cultivated.chickpea extends mainly through the Mediterranean basin, 
the Middle East, central Asia, India and Ethiopia, but is also grown in many 
other countries. The distribution of the wild species is also well known. Of 
the two types, "desi" and "kabuli", ICRISAT takes responsibility for desi, 
whilst joint responsibility for kabuli is shared by ICARDA and ICRISAT. The 
distribution, taxonomy and origin of pigeonpea (one of ICRISAT's mandate 
responsibilities) are well surveyed, although more wild collections are still 
needed. 
ICRISAT holds over '13,000 chickpea entries from 40 countries, though 
certainly many of these will prove to be duplicates. ICARDA inherited 
1798 kabuli chickpea accessions i-n 1977 from the Ford Foundation program and 
has added a further 2627 accessions of which most are said to be land races. 
Pigeonpea materials at ICRISAT number 10,000 samples from 36 countries, 
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including 46 samples of related wild species. Considerable exploration is 
needed for wild species in the genera Cajanus and Atylosia. 
ICRISAT's chickpea evaluation program is very extensive. All germplasm 
has been screened for Fusarium wilt and dry rot (Macrophomina). Some medium 
resistant lines to Ascochyta blight were, found from screening work in N. 
India and by ICARDA In Syria. Screening from chickpea stunt (pea leafroll 
virus) has not been carried out systematically. Some work has been carried 
out also on nematodes, iron deficiency and soil moisture stress. Some 
promising lines of chickpea have shown increased capacity for nitrogen 
fixation. 
- 
Pigeonpea has also received much attention of ICRISAT from the evaluation 
viewpoint. Almost the entire collection has been screened for Fusarium wilt 
resistance, and 30 lines with good resi'stance were identified. Phytopthora 
stem and leaf blight has received attention, but with less promising results. 
The entire collection of chickpea and pigeonpea has been screened for 
Heliothis resistance and a few promising accessions have been identified. At 
ICARDA, 3300 kabuli chickpea accessions were evaluated for morph-agronomic 
characters, as well as Ascochyta blight, cold tolerance, iron deficiencies and 
- 
- 
photoperiod insensitivity, and many useful lines were identified. 
'Nine wild annual and six perennial Cicer species were once assembled at 
ICRISAT. Annual species are being maintained satisfactorily but the perennial 
species are difficult to maintain. With pigeonpea, Atylosia latisepala was 
crossed successfully with the cultigen, Calanus cajan. 
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12.4.11 Groundnuts 
This section deals mainly with the common groundnut, Arachis hypogaea, 
which is an ICRISAT mandate crop. The other two groundnuts, Vigna (Voandzeia) 
subterranea (Bambarra groundnut) and Kerstingiella geocarpa (Kersting's 
groundnut) are grown to a limited extent in Africa and have been collected by 
IITA, even though they are not mandate crops. 
Arachis is native to South America, where all the related wild species in 
the genus are to be found. There have been many surveys of both cultivated 
and wild materials. Although the cultigen is fairly well explored there are 
many areas that need attention, whilst collection trips into the hinterland of 
Brazil and adjacent regions, as well as to Asian and African countries, are 
still needed. 
ICRISAT stores 11,448 accessions of cultivated material from 84 countries; 
a good representation of the total genetic diversity. At IITA there are 1100 
accessions of Bambarra' groundnut, but only 47 accessions of Kersting's 
groundnut. Large collections of Bambarra groundnuts have been sent to Burkina 
Faso, Zambia and Japan for testing and breeding. 
Evaluation work undertaken on groundnuts at ICRISAT has been developed to 
a high level. Groundnut descriptors‘were developed in 1981, in collaboration 
with IBPGR, and include passport, morpho-agronomic, disease, pest and stress 
descriptors. Some 9000 accessions have been characterized. Breeding research 
on groundnuts is discussed in chapter 6. 
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12.4.12 Vigna and Soya 
IITA is responsible for the storage of a global base collection of cowpea 
(Vigna unguiculata), as well as for its collection and improvement. It also 
holds the mandate for the'storage and improvement of soybean (Glycine max>. 
Cowpea is indigenous, to Africa with its center of diversity in W. Africa. 
High priority is accorded to the collection of wild cowpea relatives 
throughout Africa. Soybean was domesticated in N.E. China and there is little 
diversity in Africa. Most collections are held in China, Japan, U.S.A., 
Korea, AVRDC, Australia and India, with smaller numbers available in 
Indonesia, Nigeria and Brazil. IITA has 1350 accessions of soybeans. 
IITA has also established connections with Asian countries for exploration 
in 1985-87. Achievements for cultivated cowpea exploration are excellent. 
IITA has 200 wild cowpea accessions. A long-term storage facility iS now 
available at IITA. The cultivated cowpea collection now stands at 11,800 
accessions, obtained from 85 different countries. From 1978-83, 10,651 
samples of cowpea germplasm were distributed to over 50 different countries, 
half of these in Africa. The genetic resources unit has characterized about 
9000 accessions for agrobotanical features, and, in collaboration with the 
crop improvement programs, has evaluated materials for disease, pest and 
stress resistance. Sources of resistance to bruchids, thrips, aphids, 
leafhopper, mosaic virus, and cowpea mosaic virus were found. Some useful 
drought resistance, earliness and better plant type characters were also 
identified. General screening for agronomic characters is also under way, and 
lines with good seed storability have been found in Indonesian germplasm. 
- 
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Good root-nodulating lines have also been identified. No soybean pre-breeding 
in the usual sense has yet taken place at IITA. Breeding research is 
described in chapter 6. 
12.4.13 Forage grasses and legumes 
The mandate for exploration and conservation of temperate to warm 
temperate forages from the drier regions of N. Africa and the Middle East has 
been accepted by ICARDA. CIAT has accepted responsibility for tropical forage 
germplasm, with special emphasis on Latin America. ILCA is responsible for 
graze and browse forages (chiefly legumes) from Africa and especially the 
Trifolium species from the African highlands. Some amount of overlap might be 
presupposed but cooperation and exchange of information between centers 
prevents any excessive duplication of effort. Most of ICARDA's efforts are 
directed towards Medicago and Trifolium. CIAT has made some attempts at 
surveys. There are 24 grass genera of interest, and of these, eight are 
considered to be of greatest importance (Andropogon, Hyparrhenia, Panicum, 
Setaria, Paspalum, Brachiaria, Hemarthria and Melinus: 25 legume genera are 
listed in the program, of which five are rated of highest importance 
(Stylosanthes, Zornia, Centrosema, Pueraria and Desmodium). ILCA commenced 
its forage program in 1980, so has not been able to progress too far. 
Detailed collection plans have been worked out, concentrating on the 
indigenous Trifolium species of the E. African highlands. ICARDA received 
9476 samples in the 1979-81 period from 35 countries, including some from 
existing collections. In 1984, ICARDA collections were made in Syria, Cyprus 
and in Morocco. 
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CIAT has made extensive collections in Latin America since 1979, 
particularly of legumes. The collecting trips outside Colombia are generally 
made in collaboration with national institutes. The Latin American grasses 
are not so useful as those of Africa, and even.Asia, so collections are 
received through exchange to some extent. The CIAT team is also collecting in 
Africa, some in collaboration with ILCA. Impacts from ILCA exploration work 
hold good promise. ICARDb's collection is 90 percent legumes and consists of 
some 16,800 samples. From 1979 to 1984, 3636 samples were distributed, mostly 
to developing countries. CIAT has no formal mandate to conserve forage 
germplasm but clearly should and does deposit materials in the gene bank. The 
collection amounts to more than 13,000 accessions, of which 11,900 are 
legumes. The whole collection is under short- to medium-term storage which is 
unsatisfactory. Distribution of samples in the period 1980-84 was good, with 
7318 samples going to national programs. ILCA also lacks suitable storage 
facilities. Most of the ICARDA evaluation work is carried out at the 
headquarters field station at Tel Hadya. In collaboration with the crop 
sections,, more than 1800 genotypes of vetches, peas and medics have been 
screened for disease resistance and for producing self-regenerating pastures. 
M. rigidula is most promising from this latter point of view. Disease 
resistance screening was done also at disease "hot spots" on the Syrian coast. 
Evaluation at CIAT is moving ahead rapidly. The screening process is 
divided into five stages, lines which are successful in a lower one passing 
into the next higher. Stage I screening is carried out at CIAT and Quilichao 
for individual plants. Stage II takes place at Carimagua (Llanos) and 
Brasilia (Camp0 Cerrado). Stage III subjects promising lines to grazing. 
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Stage IV assesses yields, grazing preferences, nutritive value, etc. Stage V 
- 
is the. final stage, under commercial conditions. A range of nine promising 
"key" legume species was identified - three of Stylosanthes, three of 
Centrosema, Desmodium ovalifolium, Pueraria phaseoloides and Zornia sp. An 
active breeding program is under way at CIAT especially for anthracnose 
resistance in Stylosanthes guianensis. Selections of the African grass, 
Andropogon gayanus released by ICA in Colombia under the name "Carimagua I" 
- 
and by EMBRAPA in Brazil as "Planaltina" show excellent adaptation to 
low-fertility acid soils with high.aluminum content, as well as tolerance to 
pests and diseases, high drought and fire tolerance and high productivity. 
The exploration and collection of tropical pasture species progresses far 
too slowly. CIAT's programs of evaluation, breeding and varietal releases 
have progressed much further than those of ICARDA and ILCA, which have had 
much less time available in which to accomplish them. The lack of good 
storage facilities is unfortunate. 
12.5 Coda 
* A center-centric focus on the steps anticedent to the production of 
advanced lines and varieties is taken in this chapter. The centers are 
relative latecomers to the field but now play vital roles in respect to 
many food crops. 
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.* The scheme for considering plant germplasm work involves aspects of 
surveys, exploration, conservation, evaluation, enhancement, breeding, 
training, information retrieval and research. 
* A major achievement of the IBPGR in its first decade has been to contribute 
to an increased awareness that genetic variation stored in cultivated crops 
and related wild species is an important natural resource. The effects of 
plant breeding are often antagonistic to the maintenance of genetic 
variation even though the latter is its basic resource. Genetic resources 
are primarily seen as a source of identifiable characters and only seldom 
as a source of increased overall genetic variation. 
* IBPGR recognizes that its primary task is encouragement of genetic 
resources conservation, documentation, evaluation and utilization. It has 
encouraged development of networks of base collections and of national 
genebanks rather than building and o.perating genebanks. IBPGR is among the 
most international of the centers as it works with more than 100 
countries. Priorities rest on (a) risk of genetic erosion, (b) economic 
and social importance, (c) plant breeders' requirements and (d) size and 
scope of existing collections. 
* Genebanks now have substantial collections of most major crops as well as 
material from many other important crops. A large amount of the genetic 
diversity of the major crops has now been collected. 
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* Base collections are those which have the capability of long-term 
storage. An active collection, in contrast, is used for regeneration, 
multiplication, exchange, evaluation and documentation. A base collection 
must be closely associated with an active collection since base collections 
do not usually become involved in germplasm exchange. This is not well 
understood, and misunderstandings have led to unwarranted charges of 
restrictions on free flow of germplasm. 
* Wheat and wheat relatives are stored in gene banks in various parts of the 
world. Further collecting still needs to be done. The CIMMYT wheat 
collection is largely a breeders' working collection. The genetic base is 
rather narrow. The ICARDA position in respect to durum wheat is better. 
CIMMYT can'also be criticized for the interpetation that it makes of its 
present mandate and thus for its lack of interest in surveys and 
exploration and for its reluctance to accept global responsibility for 
bread-wheat germplasm. While its record for the breeding and release of 
varieties in cooperation with national programs is spectacular, it may well 
be difficult to maintain this much longer if the genetic base of the CIMMYT 
collections is not considerably broadened. 
* Further barley, collections should be made in the ICARDA mandate area of N. 
Africa and the Middle East. A crash program of barley land race and wild 
species collections is needed before much genetic diversity is lost. 
Conventional barley breeding using European and American breeding lines and 
CdtiVarS is not very useful in solving problems of drought and salt 
tolerance in the ICARDA mandate areas. 
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* Rice exploration activities have been well coordinated and documented. 
From 1971-84 some 39,200 samples were collected in Asian countries, a 
little less than one third of which were obtained by IRRI expeditions. In 
Africa, coordinated efforts between IITA, ORSTOM, WARDA, etc. provided 
nearly 9000 samples. An excellent program for rice storage and 
regeneration is in operation at IRRI and there are now some 70,000 entries, 
including 1100 wild species accessions. The input of disease- and pest- 
resistant and stress-tolerant germplasm into rice gene pools is progressing 
actively with some significant successes. Material from the IITA 
collection has been used widely by IRRI, CIAT, WARDA and IRAT. At both 
IRRI and IITA, training in genetic resources work and related disciplines 
has been good. 
* The CIMMYT maize bank, which contains most but not all the Latin American 
germplasm, has no computerized data storage and retrieval system from which 
inventories or computer-generated maps can be constructed. In November 
1984 CIMM?X agreed to accept global responsibility for maize germplasm from 
1985. A great range of land race material has been collected in the past 
and it is to be hoped that this still exists in a viable condition in the 
banks. CIMMYT breeders are developing broad-based gene.pools into which 
promising germplasm is continually being inserted. 
* Good collections of cultivated sorghums exist, although there is extremely 
poor representation of wild forms in the gene banks. Much more collecting 
is needed, especially in Ethiopia, eastern Sudan, Uganda, Burundi, Rwanda, 
Kenya and Tanzania. ICRISAT has evaluated more than 20,000 lines using 
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morpho-agronomic characters and some disease, pest and drought resistance 
has been recorded. Screening against grain mould, downy mildew, Striga and 
midge has been carried out. Large-scale pearl millet characterization and 
screening for resistance to downy mildew, ergot and smut has also been 
undertaken. Screening is carried out in W. Africa (Niger), Mexico (at 
CIMMYT), India and Zimbabwe. 
* CIP has made a major impact in potato surveys. By 1980, over 90 percent 
of the total cultivated potato germplasm had been collected due to a crash 
program of CIP. Wild species have also been systematically collected, 
particularly in Ecuador, Peru and Bolivia. 
* IITA has collected about 1000 clones of sweet potato since 1976 in 
expeditions to 18 African countries. AVRDC, with help from IBPGR, has 
established a very large collection. The cultivated potato collection at 
CIP consists of 5000 samples. In vitro storage has been developed, and -- 
currently 250 clones are being stored. CIP is undertaking research, often 
in collaboration with industrial countries, on cryopreservation, 
inheritance studies, virus detection, production of true seed varieties, 
and on genetic stability during in vitro storage and under -- 
cryopreservation. Between 1981 and 1984, IITA distributed nearly 8000 
samples of sweet potato clones in tissue culture to 49 countries worldwide. 
* CIAT has accepted the global mandate for cassava germplasm: substantial 
collections are also kept at IITA. More wild species collections are still 
needed from the centers of diversity. in S.W. Mexico and N.E. Brazil. 
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Because of quarantine restrictions, all intercontinental exchanges, and 
most international ones in Latin America can now only be made in the form 
of in vitro materials. -- There is an urgent need to extend the evaluation of 
the wild species. Promising levels of resistance have been found to 
thrips, mites, whiteflies, mealybugs and lacebugs. 
* ICARDA holds major collections of faba beans and lentils. Good sources of 
Botrytis, Ascochyta and drought resistance have been identified- CIAT has 
responsibility for the exploration, storage and characterization of all 
four cultivated Phaseolus species. The breeding and improvement program is 
confined to P. vulgaris. More efforts are needed to collect P. coccineus 
P. lunatus and P. acutifolius. At present, 17,000 samples are in the 
active collection and 3000 in the base collection. There are quarantine 
problems concerned with the introduction of materials and 6000 samples lie 
untouched in store losing viability. 
- 
- 
* ICRISAT takes responsibility for desi chickpea whilst joint responsibility 
for kabuli chickpea is shared by ICARDA and ICRISAT. ICRISAT holds over 
13,000 chickpea entries from 40 countries. Pigeonpea materials at ICRISAT 
number 10,000 samples from 36 countries, including 46 samples of related 
wild species. Considerable exploration is needed for wild species in the 
genera Calanus and Atylosia. The entire collection of chickpea and 
PigeOnPea has been screened for Heliothis resistance (at ICRISAT) and the 
collection of chickpeas for Ascochyta blight resistance (at ICARDA) and 
promising accessions have been identified. 
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* The common groundnut, Arachis hypoqaea, is an ICRISAT mandate crop. 
Arachis is native to South America. ICRISAT stores 11,448 accessions of 
cultivated material from 84 countries. Breeding is carried out only at 
ICRISAT center and Malawi. Aspergillus flavus resistant lines are bred 
with high-yielding characteristics. 
* Cowpea is indigenous to Africa with its center of diversity in W. Africa. 
IITA exploration for cultivated cowpea is excellent but not very impressive 
for wild cowpeas or soybean. More than 10,000 samples of cowpea germplasm 
have been distributed to over 50 different countries, half of these in 
Africa. Useful disease and drought resistance, earliness and better plant 
type characters have been identified. 
* For forages, most of ICARDA's efforts are directed towards Medicago and 
Trifolium and CIAT to many tropical grasses and legumes including 
Stylosanthes, Zornia, Centrosema, Pueraria and Desmodium. ILCA 
concentrates on Trifolium species of E. Africa. CIAT has made extensive 
collections in Latin America. An active breeding program is under way at 
CIAT for anthracnose resistance in Stylosanthes guianensis. However, the 
exploration and collection of tropical pasture species progresses far too 
slowly. 
* An important aspect of IBPGR's work has been to promote minimal descriptor: 
lists for "passport" (accession and collection) data. 
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* IBPGR has directly or indirectly organized 500 missions in 88 countries, 
particularly in the tropics and sub-tropics resulting in over 100,000 
samples in gene banks. 
* Although effort and support have been provided for microcomputers, a 
steady flow of data into the systems and out again to meet requests is 
still not attained in most countries. 
- 
* National genetic resources programs have been established in 83 countries, 
of which 50 were assisted or stimulated by IBPGR. Some regions are more 
advanced than others. Latin America, W. Africa and E. Africa are just in 
the initial stages. 
- 
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13 CROP PROTECTION 
13.1 Introduction 
The centers have received both praise and criticism for their efforts in 
crop improvement. The nature of their mission and the complexity of the 
constraints with which they deal, render an evaluation of their crop 
protedtion impact difficult. This chapter summarizes a review, assessment, 
and appraisal of the impacts of the centers on national research programs and 
on farm-level crop protection by Teng and MacKenzie (1985). Research center, 
commodities, national programs, and national farm-level production statistics 
were examined as a basis for these judgments. 
- 
13.2 Center Activities and Possibilities 
13.2.1 Overview of present activities 
As noted in chapter 2, the mandates for the centers range from broad 
regional to global responsibility, for one to a few crops. There is no 
- 
consistent formulation of goals or objectives vis-a-vis plant protection, and 
perhaps none is required. The consequences of such broad mandates, the 
influence of the TAC in determining priorities, and the reality of limited 
budgetary resources must all be considered when assessing the impact of the 
centers. 
Budgetary constraints are only part of the reality of crop protection on a 
global scale. The many pests and pathogens that attack food crops in the 
developing world require complex decisions on priorities that depend on 
regional and sometimes local environmental interactions, farming systems, and 
economic forces, together with inevitably limited knowledge. Steering a safe 
course of research through these considerations is a complex and at times, 
impossible task. 
The centers have made resistance breeding theakeystone of their approach 
to plant protection. This has proven to be a good choice. It has permitted 
the distribution of modern varieties as a "technology package" and thereby has 
circumnavigated the difficulties of knowledge distribution that are so 
frustrating in many developing countries. 
The earlier decision to focus on breeding for pest resistance is an 
appropriate topic for current review. In the past decade, there have been 
significant developments in several disciplines of agriculture that can 
contribute to crop protection. A review of those topics is included in the 
following section. 
13.2.2 Components of contemporary crop protection 
Members of the pest-control-related disciplines of entomology, plant 
pathology, nematology and weed science, and the agronomists who study stress 
factors, have now come to recognize that, for many crop protection problems, 
- 
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no single solution is appropriate. There is an increasing emphasis on the 
need to "mix and match" crop protection strategies better to address the 
problems of pest variability, interactions with the environment, economics, 
pesticide safety and many other factors. Integrated crop protection goes far 
beyond integrated pest management (IPM). It offers a broader view of the 
production system and incorporates normal research tools, high technology and 
other components into an area of activity that is truly interdisciplinary. A 
review of the components of contemporary crop protection includes the 
following topics: 
Resistance Breeding: the focal point of many crop improvement strategies 
has been breeding for resistance to pests. In many cases, very successful 
control of pest problems has been realized. In other cases, probably a 
minority, resistance breeding has failed because of the variation in the pest 
population. This "boom and bust" cycle of breeding has led many to conclude 
that there must be a better way to protect crops from pests. 
;: Some have postulated the theoretical 
existence of durable.resistance to pests. Many books have been written on 
durable resistance and considerable amounts of research have been devoted to 
its definition and intended utilization. The fact remains that, at present, 
no solid demonstration of durable resistance exists that is universally 
acceptable to the scientific community and there is continuing controversy as 
to what it really is. 
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Biological Control: Most research effort in biological control has 
focused on insect pests. Limited amounts of research in N. America, Europe 
and Australia have developed biological controls for commercial use. 
Chemical Control: Best exemplified by the herbicides, fungicides, 
nematicides, and insecticides developed by international corporations, 
chemical control in agriculture is well established on a.commercial scale. 
The centers have largely avoided research in chemical control except where 
they have had a direct impact on varietal release (e.g., herbicide sensitivity 
of improved cultivars). 
Cultural Control: The manipulation of cultural procedures to take 
advantage of nest populations, or plant protec'tion has received some research 
effort in the past few decades. Much of this effort is a renewed interest in 
practices such as crop rotation, "green mulches" for fungal or weed control, 
and water management for soilborne plant pathogens. 
Integrated Control: Recent research has demonstrated complementarity 
between control procedures that have beneficial effects. For instance, it has 
been demonstrated that complementarity exists between some forms of 
resistance, which allows a reduced amount of fungicide for the control of 
potato late blight. Discoveries in this area offer the potential of reducing 
pesticide dependency. 
- 
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Integrated Pest Manaqement: Sponsored mostly be entomologists, 
researchers in IPM explore ways of combining strategies to reduce pesticide 
dependency. It encourages a more comprehensive view of the pest system in a 
crop population. 
Pest Surveillance: Surveys for and monitoring of pests of crops are 
- ac‘tivities considered to be part of surveillance. Many well-developed 
- 
programs, such as the USDA’s North American Wheat Rust program, give much 
significant information useful to crop protection. Some aspects of the 
centers’ international testing programs qualify as pest surveillance systems. 
Pest Forecasting: The anticipation of past outbreaks through weather 
monitoring, pest surveillance, or by other information are categorized as pest 
forecasting. Far less of this research activity has taken place in the 
tropics than for temperate area crop pests. 
- 
Modellinq: The synthesis of information through computer modelling has 
been a helpful research tool in developing crop protection strategies based on 
pest forecasting. The integration of crop growth models, environmental 
factors, and their interaction with pest development have opened new areas in 
the development of crop protection strategies. 
Economic Thresholds: Decision analyses require valid interpretation of 
the consequences of pest build-up and the economic consequences of pest damage 
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to the crop. Economic thresholds are being developed for a number of 
important crop pests. The tropical region lags behind other regions in these 
discoveries. Entomology knowledge far outdistances that of the other 
disciplines concerned with pests of crops. 
Populat.ion Dynamics: A thorough understanding of the population dynamics 
of insects and the epidemiology of plant diseases is crucial to designing crop 
protection systems. Significant advances have been made in some areas of 
population dynamics/epidemiology in the past 15 years. Much of this discovery _ 
awaits application. - 
Crop Loss Assessment: Economic thresholds focus on yield loss at the 
field level. Crop loss assessment looks at the impact of stresses on regional 
crop production. Originally it was thought that the aggregation of yield loss 
information could be used for crop loss assessments. More recent thinking 
separates yield loss assessment from crop loss assessment, and emphasizes the 
importance of crop losses in estimation of regional crop production. 
- 
Biotechnology: The new "tool" of agriculture offers an opportunity of - 
genetically engineering crops that are better protected from pest attack. How 
this new technology will interface with crop protection remains to be 
described. 
One distinguishing aspect of contemporary crop protection is that it 
begins with a holistic view of the cropping system. It attempts to comprehend 
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the pest biology, to be able to draw more proper conclusions and more 
realistic expectations for various pest control strategies. It does not, 
necessarily, use genetic resistance as the first line of defense. 
13.3 The Centers' Contributions in Plant Protection 
13.3.1 Sources of information 
In order to make judgements on the impact of the centers on crop 
protection, many sources have been reviewed, representing much documentation 
which included center annual reports and external or quinquennial reviews, 
Consortium for International Crop Protection (CICP) trip reports (Berkeley, 
California), World Bank reports, interviews with staff members of centers, 
contacts with scientists who have visited or worked at centers, work 
experience of center consultants, and extensive literature searches. 
13.3.2 Past impacts of the centers 
The major impacts of the centers on food production to date have largely 
been in relatively highly controlled farming systems with semi-dwarf wheat and 
rice. Their successes represented germplasm improvement that could take 
advantage of improved cultural conditions. The semi-dwarf wheats were 
designed from the start to carry resistance to stripe rust, stem rust and leaf 
rust, the major diseases of wheat. The strategy of exposing successive 
generations to pathogens at different locations, permitted the breeders to 
develop varieties with substantial levels of resistance. With photoperiod 
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insensitivity and the rather homogeneous ecology over which wheat is grown in 
developing countries from Mexico to N. Africa and the Middle East, and to 
India and Pakistan, the varieties were quite successful. With the success of 
the modern wheats outside Mexico, scientific and government interest permitted 
the use of sites in India, Kenya and elsewhere for screening to broaden 
further the range of resistance. Most of the semi-dwarfs grown, even today, 
carry resistance from those early lines. 
IRRI's first semi-dwarf rice, IR8, while very high yielding, was notorious 
for its susceptability to a wide range of insect and disease pests. However, 
IRRI staff members recognized this and were conducting an intensive resistance 
breeding program for tungro virus, its vector the green leaf hopper, bacterial 
blight and others even as IR8 was pressed into service by the Philippine 
government (Chandler 1982). The second IRRI variety, IR20, was ready with 
resistance when a tungro virus outbreak swept the Philippines, and forced most 
farmers to ,abandon IR8. 
Subsequent pest attacks at the IRRI experiment station made it possible 
for researchers to develop resistance to a range of other pests. They were 
not able to deal with pests not native to the Philippines, such as gall midge, 
but Indian researchers did address that problem as well as different 
sub-species and biotypes of major pests that did not exist in the 
Philippines. In general, these efforts have been directed at incorporating \ 
major gene resistance, as contrasted to what is now called "durable 
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resistance" although the resistance to most rice pests has been rather 
durable, the major exception being to the brown planthopper. 
Center plant breeders working on other crops have followed similar 
strategies of resistance breeding, and this approach has been quite successful 
for incorporating genetic resistance into materials suitable for farmers (see 
Table 13.1 below). Since the area planted to center-related varieties of the 
other crops is much less than the area of wheat and rice, their impact has 
been correspondingly smaller. 
Even for wheat and rice, the global mandates of the centers realistically 
imply that not all factors that stress wheat and rice could be dealt with in 
the breeding programs. Some pest problems, such as rice blast, are far less 
severe under some cultural conditions. High-input flooded semi-dwarf rices 
are characteristically resistant to blast disease as a consequence of 
flooding. Similar varieties grown "upland" are highly susceptible to blast 
and would be commercially unacceptable. Conversely, the higher use of 
nitrogen fertilizer has contributed to aggravating other pest problems. On 
balance, a realistic assessment of the semi-dwarf wheat and rice varieties and 
their widespread adoption implies a positive contribution of that effort to 
crop protection. 
The strategy of germplasm improvement worked well for wheat and rice. It 
may, however, be less appropriate for several other crops now being researched 
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Table 13.1 Farm Level Impact of Center Plant Protection Research 
Strategy 
Resistance breeding 
Biological control 
Chemical control 
Cultural control 
Integrated control 
Integrated pest 
management 
Pest surveillance 
Rice Wheat Maize Sorg Prl Pota Cass SW Cow Chk 
hum Mlt to ava pot pea pea 
**** **** *** *** *** * ** ** * ** 
*** 
* **it 
* * * * * 
* 
* * 
** 
** 
** 
** 
* 
** 
* 
* 
Pest surveys 
Pest monitoring 
Pest forecasting 
Modelling 
Economic thresholds 
Population dynamics 
Crop loss assessment 
Biotechnology 
- 
** 
* 
- 
* 
(****) = Major visible impact at farm level 
( > = No visible impact at farm level. 
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at the centers. It has been suggested by a number of observers that an 
approach to research based on seeking widely-adaptable photoperiod- 
insensitive, high-input-responsive varieties may not work well with crops such 
as cassava, maize, chickpea, cowpea, pearl millet, or sorghum. If this is so, 
and if the argument can be sustained that the success of the semi-dwarf wheats 
and rices was in distributing such technology through the "improved seed", a 
new strategy perhaps must be developed that is appropriate for these other 
crops. In fact, different strategies may be needed for different crops. 
Notwithstanding this question of optimal strategy, the systematic and focused 
work of CIMMYT and IRRI did, however, provide an operational example of 
applied research that could be used for initiating similar work in the other 
centers and in national research programs. 
Another impact of the centers has been the transmission of high-quality 
knowledge in many aspects of crop production, including crop protection. This 
knowledge has been manifested as publications, seminars, and as trainees, 
graduate students, and post doctorates who have gone on to address the task of 
increasing food production. 
The semi-dwarf varieties have been accused of creating a "boom and bust" 
cycle but this accusation seems unfair. There are no reliable data to show 
that they have contributed to pest-induced yield losses that are now either 
more prevalent or more severe than before their introduction. Some have 
raised questions about the rice tungro (in the Philippines 1971-72) and blast 
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(in S. Korea 1978-79) epidemics that seem to be associated with improved rice 
varieties. These were discrete events that were successfully countered with 
available alternatives. Evidence from the 1940s and 1950s shows that the same 
pests then had similar substantial effects, i.e., before the advent of the 
semi-dwarfs. These events are features of changing agriculture and not a 
direct consequence of improved cultivars although they are surely aggravated 
by increased cropping intensity (especially of the same crop) and by increased 
areas of more uniform varieties. 
Another consequence of intensifying agriculture is the increased use of 
pesticides which has, however, contributed to the increased yields. Critics 
of new technology argue that the increased use of pesticides is 
counterproductive and should have been avoided. However, in order to produce' 
the needed food in land-scarce regions the sector must depend on increased 
yield, and pesticides play a role in attaining that objective. 
Other significant contributions of the centers have been the establishment 
of global nurseries for the testing of germplasm under a variety of 
conditions. These nurseries have no counterpart in the developing world and 
contribute significantly to cultivar deployment. 
Other impacts of the centers on crop protection have been through research 
studies on population dynamics and epidemiology, conducted 'as individual 
research scientists have seen a need. The scientific impact of this ad hoc 
- 
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activity, where it exists, has been great. It extends internationally through 
publications, trainees and other scholars, It has been effective in 
modification of research programs, especially in redirecting plant breeding 
programs, and by broadening the scientific basis for understanding pest 
problems. 
The centers have addressed the problems of crop pests by using plant 
breeding as a first line of defense. There is, presently, a recognition that 
crop protection is inseparable from farm production systems, and a broader 
view of the research needs is evident. However, apart from pest resistance, 
the contributions the centers' research on other plant protection methods to 
global crop yield increase is limited. Table 13.1 summarizes the 
contributions of centers' research to farmers' plant protection strategies. 
13.3.3 Criticism of the centers' contributions 
A number of scientific criticisms have been made of the research being 
conducted by the centers in crop protection. These are summarized below. To 
a large extent these reflect "sins of omission", indicating areas of research 
that could fruitfully be pursued, but which would require additional 
resources, rather than reducing resources devoted to resistance breeding. 
The centers have been criticized for providing too little effort in 
cultural and biological control, crop loss assessment, surveillance methods 
and modelling, and in addressing the problems caused by rats and birds. It 
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has been argued that the centers are logically the most appropriate 
institutions to undertake the research required to make alternative crop 
protection methods practical, and that they have failed in this obligation. 
The centers have been criticized for conducting too little research that 
would develop marginal indreases in crop production - including control 
measures for minor pests, and control measures for pests on minor crops. 
Critics have also raised questions about what the centers have done, charging 
them with various sins of omission in the plant protection area. For 
example, the centers have been criticized for developing improved cultivars 
which are' input-responsive, leading to a general increase in the use of 
chemicals, especially herbicides, for plant protection. It is noted that the 
rate of increased pesticide use is higher in the developing than in industrial 
countries. However, other critics have charged the centers with avoiding 
research on chemical control of crop pests. 
The centers have been criticized for having unrealistic expectations for 
crops other than rice and wheat that are now being researched. It is 
difficult to believe that genetic resistance will be an effective strategy 
for crop protection from pests that are known to be very destructive. 
On the scientific side, the centers have been criticized for providing 
"homogenized" science to the developing countries. It has been opined that 
their training programs, graduate education, publications, and approaches to 
- 
- 
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problem solving have been made uniform at the expense of discovery and 
progress, They have also been criticized for developing little theory and few 
novel techniques or methods that could be used in national programs. 
The centers have been criticized for failing to develop methods of 
distributing knowledge that are appropriate to reaching farmers in the 
developing world. Pointing to the USDA's Cooperative Extension Network 
critics ask, "Why haven't the centers developed a similar network?" In the 
same vein, some charge them. with a lack of "knowledge synthesis" that would 
lead to practical applications of discoveries in the area of crop protection. 
These critics claim that the centers have had little discernible impact in 
crop protection at the farm level. Others have argued that it is the 
responsibility of the center.s to develop technology, and that the development 
of systems for teaching such results to farmers is covered by the FAO working 
in collaboration with national extension services. 
13.3.4 Opportunities for increased activity 
Not all of the above criticisms can be taken seriously. Some, however, 
should be seriously considered by staff of the centers. The centers are 
fortunate in that the integration of disciplines on research projects can 
address broader issues in a way that may be difficult, say, for academic 
departments. By limiting the number of crops researched at a center and by 
focusing on problems'using several disciplines, it was envisioned that certain 
types of research would be more efficiently accomplished. Such 
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interdisciplinary effort comes at a price. The leadership of plant breeding 
in many such interdisciplinary teams often results in a strong emphasis on 
breeding for resistance at the expense of other pest protection strategies. A 
careful review of interdisciplinary research to ensure that all 
appropriate aspects of crop protection have a possibility of being researched 
is advisable. , 
- 
The nature of the research and the historical emphasis on breeding for 
resistance provides an opportunity for more basic research in the genetics of 
resistance. This information and attendant theory will be valuable for 
national plant breeding programs which do not have the resources, staff or 
time to invest in this important area of research. One major topic that 
should be emphasized would be the genetics of durable resistance. There is a 
need to define, to identify, and to develop methods to 'utilize this form of 
resistance. The centers are appropriate locations to conduct such research. 
Waiting for industrial-country universities to unravel the interactions of 
genotype, environment and pest may take decades. By utilizing their global 
networks of test nurseries, the expansive germplasm banks, and their existing 
data bases, the centers are in the enviable position of being able to provide 
the leadership on research in durable resistance. 
- 
Although research on plant epidemiology and population dynamics of pests 
has made 'significant advances in temperate environments, tropical epidemiology 
is lagging far behind. Fundamental differences exist between the conditions 
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contributing to epidemics separated by crop cycles versus those in a 
continuous cycle. 
- 
More research is needed in the evaluation of pesticides and on pesticide 
safety. This would be an appropriate activity for the centers as a complement 
to national programs and as an investment that would indirectly have an impact 
at the farm level,. Leaving this important research almost totally to 
- 
pesticide corporations or national programs does not seem wise. 
It seems also that more research is needed to understand the contributions 
of pest stress to production. This information would be useful for research 
planning as well as for crop production forecasting. . The utilization of 
international nursery testing programs would provide the information-gathering 
network necessary to begin this important research activity. It must be done 
in such a way that national participants understand the value of data being 
collected and can see how they might reap some long-run benefits. 
It is generally believed that, by increasing the resistance of cultivars, 
a decrease in the use of pesticides might be expected. Although this 
relationship seems reasonable and the objective noble, some authorities 
speculate that yield increases in the future from this strategy will tend to 
be marginal. Breeding for pest resistance will be more like the "running to 
keep in place typical of maintenance research," rather than giving large 
yield gains. Increased dependence on pesticides may be an inevitable 
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consequence of tomorrow's food production system in developing countries just 
as it is in industrial countries today. Research should begin now to 
recognize that likelihood - even though there are moves in many parts of the 
industrial world to endeavor to limit use of pesticides and their adverse 
environmental effects. 
Perhaps more palatable than chemical pesticides might be. research into the 
area of naturally derived pesticides, which may be more ecologically 
acceptable and of less risk to the health of the individual applicator and the 
consumer. These should not be ignored. 
Finally, recognizing the constraints placed on the centers for funds, time 
and facilities, it is clear that new initiatives should be made to take 
advantage of research in industrial country universities that is appropriate 
to the needs of the centers' missions. Current resources in' the universities 
are insufficient. Greater resources seemingly should be made available.to tap 
the strengths of more universities to work with researchers in the centers for 
the benefit of the developing world. 
13.4 Coda 
* There is no consistent formulation of goals or objectives vis-a-vis plant 
protection work in the centers. 
- 
- 
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* The centers have made resistance breeding the keystone of their approach to 
plant protection. 
* The semi-dwarf wheats were designed from the start to carry resistance to 
stripe rust, stem rust and leaf rust, the major diseases of wheat. 
* IRRI's first semi-dwarf rice was notorious for its susceptibility to a wide 
range of insect and disease pests. Fortunately, a second variety was ready 
with resistance when needed. Subsequent efforts have been directed mainly 
at incorporating major gene resistance, as contrasted to what is now called 
"durable resistance". 
* Center plant breeders working on other crops have followed similar 
strategies of resistance breeding, and this approach has been quite 
successful for incorporating genetic resistance into materials suitable for 
'farmers. The strategy.of germplasm improvement may, however, be less 
appropriate for several crops now being researched at the centers. 
Different strategies may be needed for different crops. 
* Another impact of the centers has been the transmission of high-quality 
knowledge in many aspects of crop production-- including crop protection. 
* Other significant contributions of the centers have been the establishment 
of global nurseries for the testing of germplasm under a variety of 
conditions. 
19 
* The centers have been criticized for developing improved cultivars that are 
responsive to inputs, leading to a general, increase in the use of chemicals, 
especially herbicides, for plant protection.' The rate of increased 
pesticide use is higher in the developing than in the industrial countries. 
However, other critics have charged the centers with avoiding research on 
chemical control of crop pests. 
* The centers are in the enviable poisition of being able to provide the 
leadership on research in. durable resistance. 
* More research is needed in the evaluation of pesticides and on pesticide 
safety. This would be an appropriate activity for the centers as a 
complement to national programs. 
**Increased dependence on pesticides may be an inevitable consequence of 
tomorrow's food production system in developing countries just as it is in 
industrial countries today. 
* New initiatives should be made to take advantage of university research in 
industrial countries that is appropriate to the centers' mission. 
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14 TROPICAL LAND USE 
14.1 Introduction 
- 
- 
14.1.1 Objectives 
Over the past decade, voices of protest against presumably unnecessary 
damage to the world’s renewable resource endowment in humid tropical regions 
have become progressively more strident. These voices have emanated largely 
from the scientific community and from environmental lobbies. The concern for 
deteriorating quality of the humid tropics extends to the potential role of 
the centers in the process. 
Focus has been primarily on the consequences of what may appear to be 
indiscriminate removal of tropical raInforest for development of agriculture 
and plantation forestry. Concern is expressed about: destruction of 
potentially valuable biomass that could be used for production of lumber, 
energy, food and chemicals: loss of habitat for flora and fauna, thus limiting 
genetic diversity that may have economic value to future generations: 
irreversible damage to on-site productivity of fragile soils; and accelerated 
erosion and runoff with negative downstream effects in terms of sedimentation, 
increased risks of flooding, and reduced productivity of fisheries and coastal 
ecosystems. 
The purpose of this chapter is (a) to examine the nature and extent of 
change in’ the state of land, forest and water resources in humid tropical 
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areas which are traceable to intensified agricultural production and expansion 
of the agricultural frontier: and (b) to assess whether these changes may be 
partially attributable to the CGIAR system; in particular whether the centers' 
activities have exacerbated or ameliorated deterioration of the humid tropical 
environment. 
14.1.2 Basic premises 
The framework within which this assessment is made rests on three basic 
premises. First, much development involving forest clearing and use of land 
resources in humid tropical zones does not constitute. sound resource 
management when measured by such criteria as internal rate of return, income 
distribution, employment generation or sustainability of the natural system's 
capacity to provide material and amenity inputs for current and future 
generations. 
Second, the focus of this enquiry is on the apparent (or real) prejudicial 
consequences of large-scale removal of the forest cover for agricultural 
purposes, resulting from: the destruction of valuable forest resources, 
possible irreversible loss of genetic materials, destruction of soil resources 
through laterization, water and wind erosion, and downstream effects of 
changed flow regimes and siltation. The concern here is not with chemical 
pollution of the environment where center packages may either contribute to 
contamination, e.g., by promoting use of fertilizers, pesticides and 
herbicides, or reduce it by breeding plants for disease resistance or by 
developing techniques for biological control of diseases and weeds. The 
- 
- 
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absorbtive capacity of the humid tropical environment is taken to be of such 
magnitude that pollution will be an insignificant issue, except in a few 
localized situations. 
Third, the long-run capacity of renewable natural resources to supply 
humankind with'material inputs and amenity services is equally deserving of 
the international community's concern as is the short-run increase in food 
SUPPlY' Recognition of multiple objectives implies conflict and tradeoffs 
which fall in the area of resource management. Assessment of conflict in this 
case hinges on a value judgement of how much degradation is "acceptable" given 
short-run food requirements for survival, coupled with the expectation that 
technological advance will eventually evolve economically viable means : (a> 
to reverse what is currently considered an irreversible loss'of resource 
productivity: (b) to increase production from resources that are not 
irreversibly degraded: and, (c) to reduce the demand for primary products by 
reduction of post-harvest loss, more efficient marketing and slower population 
growth. 
- 
,14.1.3 Approach 
The following set of hypotheses will be examined. Degradation of the 
humid tropical environment (in terms of the sustainability of its capacity to 
supply inputs for subsistence and development) has been going on for thousands 
of years. However, until the mid 19OOs, this process was slow and was 
relatively sustainable with slash-and-burn agriculture.. In recent years, with 
rising expectations in the rural sector, increased population pressure, wider 
use of defoliants, herbicides and fertilizers, and mechanized forest clearing 
and road-building, the rate of deterioration of the tropical environment has 
accelerated alarmingly. 
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On balance, the quality of the humid tropical environment seems to be 
better with than without CGIAR activities. On the positive side: (a) 
increased yields and nutritional value of food crags grown on existing arable 
land have reduced the pressure on fragile areas; (b) increased food supply 
has, in part, fostered rural to urban migration rather than rural-rural 
movement to tropical frontier lands; and (c) high-yielding low-cost varieties 
and new management techniques have the potential to stabilize slash-and-burn 
agriculture and to reduce the total area needed for the bush-fallow rotation: 
On the negative side: (a) modern varieties have encouraged profitable 
cultivation of marginal lands, resulting in long-run irreversible damage to 
soils with prejudicial long-run downstream effects: (b) energy-, management-, 
and capital-intensive technologies used by producers with inadequate capital 
resources or management for their short-term gains in inappropriate zones, 
have contributed to long-term degradation of the ecosystem: and (c) focusing 
research to maximize the absolute increase in yields has led the centers to 
concentrate on the most productive ecosystems. This has increased relative 
poverty in marginal areas and left users of degrading or degradable lands 
without "appropriate" technologies. 
With respect to the prejudicial hypotheses, the position of the centers 
responsible for research in crops and management practices for the humid 
tropics may be summarized as follows: (a) the varieties and management 
procedures developed are environmentally neutral, i.e., the use of modern 
varieties and associated production techniques will make no difference to the 
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rate of degradation that would be expected under traditional practices: (b) 
the centers can hardly be held responsible for misuse of their research 
results by government or private agencies which influence the pattern of 
resource use in the humid tropics; and (c) with respect to developing 
technologies which, if misused in inappropriate zones, cause damage, the 
centers are "trapped": if they don't develop the technologies they can be 
accused of indifference to an inevitable process of agricultural expansion 
onto progressively more fragile areas; if they do develop the technologies, 
they are equally vulnerable to criticism if the technologies are wrongly 
applied. 
14.2 The Nature and Extent of Environmental Damage in the Humid Tropics 
Reduced environmental quality in the humid tropics attributable to 
- 
- 
agriculture stems primarily from the consequences of forest clearing. Other 
impacts include contamination of water with residues of production or 
processing, and the consequences for human health of irrigation schemes, or 
spread of disease through migration and agricultural settlement. 
14.2.1 Overview of land clearing 
The tropics comprise approximately 5 billion ha in 90 countries, of which 
around 1.2 billion ha are considered suitable for agriculture and livestock. 
About 2.3 billion ha are classified as humid forest "life-zones". Under a 
more restricted definition, the area formally covered by tropical rainforest 
is estimated to be in the range of 1 to 1.2 billion ha, of which 55 percent 
. 
was in Latin America, 20 percent in Africa, 25 percent in S. and S.E. Asia 
, 
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(see Figure 14.1). Total area of this forest cleared by 1980 was about 440 
million ha, of which 150 million ha were in some form of permanent 
agriculture, 210 million ha were in a shifting agriculture-bush-fallow 
rotation and 80 million ha had degraded to unproductive vegetation such as 
Imperata cylindrica. In Malaysia, 75 percent of the land area was in forest 
in 1955, falling to 50 percent in 1980, i.e., clearing of 8.3 million ha. The 
forest area in Thailand was reduced by 11.7 million ha between 1960 and 1982, . 
at an average rate of 0.43 million ha a year in the 1960s and.0.72 million ha 
a year in the 1970s. It is estimated that in Indonesia, on average, 1 million 
ha a year will have to be cleared for agriculture over the period 1981-2000. 
In all of S-E. Asia, it is estimated that annually: shifting cultivators 
encroach on l-O-1.4 million ha of undisturbed or logged-over forest lands and 
clear 3-4 million ha from bush-fallow: timber and fuelwood are harvested from 
2-3 millionha: 1 million ha of forest or bush-fallow are converted to. 
permanent agriculture; and 0.4 million ha formally in agricultural production 
reverts to impoverished grasslands. The result of this process over the past 
150 years is a reduction in tropical forest area from 400 million ha to 290 
million ha. The annual rate of deforestation in Nigeria is placed at 0.5 
million ha. In the Amazon region, it is estimated that, by 1982, 20 percent 
of the forest area, i.e. 110 million ha, had been cut, with the rate reaching 
1.8 million ha a year in recent years (Alvim 1982). FAO (1979) estimated a 
rate of clearing of 5.6 million ha a year for 23 tropical countries in Latin 
America of which about 0.16 million ha (3 percent) were replanted. 
- 
- 
It is difficult to make a clear distinction between forests cleared in the 
bush-fallow rotation and new lands brought in from primary or secondary 
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Figure 14.1 
Tropical rain forest areas 
2x.ecP~uccEp- - -_--e--m-- ____ ---__-_--_ 
----_------ _______ ------d-- ___-_--- 
- 
forests (logged or unlogged) that lie outside the Swidden agricultural 
system. Couper et al., (1981) place annual clearing by shifting cultivators 
in all tropical regions at 10 million ha.. Deforestation for new agricultural 
enterprises, whether shifting or permanent, is estimated by Palm et al., 
(1982) to range from 6-20 million ha annually. Orsm et al., (1979) projected 
that, in order to meet food requirements in 36 low income countries of 
Sub-Saharan Africa and S. and S.E. Asia, public expenditure in the range of 
$800m annually will be required to expand agriculture on existing forest 
lands. Of this amount, $700m would be required for organized settlement of 1 
million ha and $lOOm for infrastructure to support spontaneous colonization on 
2.5 million ha annually. With inclusion of other countries in Africa and Asia 
plus the Latin American region, which alone accounts for 50-60 percent of the 
world's humid tropical lands, a global estimate of public expenditure might be 
in the order of $2-3 billion annually to-support clearing of 6-10 million ha 
forest lands and its subsequent development for agriculture. Aside from 
possible damage through forest removal, there is also concern about the 
production effects and potential downstream damage from accelerating 
deterioration of 150 million ha of tropical watersheds now under some form of 
cropping or livestock exploitation (World Resources Institute 1984). 
14.2.2 Consequences of land clearing 
Damage arising from removal of the forest cover is conditioned, in large 
part, by subsequent use of the area cleared. If the land is rapidly returned 
to high-density permanent cover, the off-site damage may be low. The on-site 
damage constitutes a short-run loss of potentially valuable biomass and may 
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lead to a long-run loss of species diversity. There are about 150,000 kinds 
of plants in the humid tropics, some of which may, in the future, offer more 
efficient means of supplying energy, food and raw materials. Forest 
destruction may also have potential long-run climatic consequences due to 
increased concentrations of carbon dioxide in the atmosphere. 
The primary damage, in.terms of the productivity and sustainability of an 
ecosystem, is the destruction of soil fertility and erosion which occurs if 
land is not returned rapidly to a high-density cover crop. The question is 
not how to stop all forest clearing, thereby stopping all damage: rather, it 
is how are decisions made on areas and techniques used for removing the forest 
and subsequently using the land for agriculture which incur more or less 
damage on more or less fragile ecosystems, in the process of economic 
development? 
Research at IITA provides a graphic illustration of on-site damage under 
various management options (La1 1981). Four land-clearing methods 
(traditional manual, intensive manual, shear-blade and tree-pusher), three 
post-clearing tillage systems (traditional seeding, conventional tillage and 
no tillage) on four slopes were examined. Over a four-year period, soil loss 
on I p'ercent slopes varied from 0.4 t/ha for the least-damaging option to 
30 t/ha for the most damaging (Figure 14.2). On 15 percent slopes, the 
variation was from 60 to 520 t/ha. Maize yield and cumulative soil loss are 
very strongly negatively correlated. 
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Figure 14.2 
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The off-site effects are a function of the current or potential state of 
development downstream - infrastructure (irrigation, hydroelectricity, 
urban-industrial, etc.) and use of natural resources (agriculture, fisheries, 
etc.). One of the major effects of sedimentation is reduced useful life of 
reservoirs and higher cost of operating hydroelectric, irrigation, drainage, 
flood control and fluvial navigation schemes. Invariably, design standards 
have underestimated the dynamics of agricultural development and forest 
removal in the catchment areas. For instance, the design erosion rate for the 
Karangkates Dam in Indonesia was 0.25 mm/yr, based on data collected over the 
period 1950/60, giving a reservoir life of 100 years. Within 20 years 
population density was up 50 percent and erosion rate had increased 12 times 
(Soenaro 1984). 
The (1980 actual and) potential hydroelectric capacity in the humid 
tropics was estimated to be of the order of 20,000 MW and 600,000 MW, 
respectively (Dunkerley et al., 1981). Sedimentation poses a threat to the 
hydroelectric potential, and the scale of existing and projected generation is 
such that it is of significant concern to policy makers in tropical 
countries. Although accelerated sedimentation also results from highways and 
mining, the major source is expansion of agriculture into forested watersheds. 
14.3 Framework for Evaluation 
In the foregoing section, it was argued that humid tropical resources are 
being degraded at a very significant and accelerating rate and that the 
process would have taken place with or without existence of the centers. The 
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question to be addressed is : how much of the process of degradation, 
restoration or amelioration is in some measure attributable to the activities 
of the international centers? 
If any light is to be shed on this question, the needs are for: some 
assessment of the performance of the ecosystem before and after the existence 
of the centers and, an assessment of how things might have been in the absence 
of the centers. Figure 14.3 offers a conceptual interpretation of the trends 
in environmental quality. Curve W represents what happened with the CGIAR in 
place and curve WO what is likely to have happened without it* The shaded 
area abc between the curves is the environmental quality benefit attributable 
to the CGIAR. If these curves were to be reversed, the abc would constitute 
an attributable cost. The curve WP represents a level of protection that 
might have been achieved by a different CGIAR strategy, i.e., the. area abd 
would constitute the unrealized potential benefit. The challenge then is to 
attempt to quantify a,bc and abd. The management of resources can be judged by 
four performance indicators - productivity, stability, sustainability and 
equity. Productivity might be measured by physical yield or the internal rate 
of return; stability by the variability of production: sustainability by the 
ability to recover productivity after unpredictable disturbances; and, equity 
by the distribution of costs and benefits derived from use of the ecosystem 
(Conway 1984). 
Conflicts inevitably arise where there are various objectives, as 
illustrated in Table 14.1 by the indicators for four technologies applied in 
the humid tropics. 
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Figure 14.3 
Tropical Environmental Quality Scenarios 
Under Two Assumptions on CGIAR Impact: 
a Conceptual Framework, 
1964 1984 TIME 
wo = without CGIAR 
W = with CIGAR 
Wp = potential with alternative CGIAR strategy 
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In order to influence the course of development of the humid tropics, it 
is necessary to understand the dynamic interactive process between the actors 
involved in their use of organization, power and values and their 
compatibility with the chacteristics of the ecosystem. In the present 
context, there is a new "actor" in the system--the centers, whose task is to 
generate and disseminate materials and information which, if applied, can be 
expected to change system performance as measured by one or,,more of the 
indicators. This requires a "coevolutionary" view of agricultural 
development (Norgaard 1984). 
Table 14.1 Management performance under selected 
technology options in the humid tropics 
Agricultural 
technology 
System performance indicator 
Productivity Stability Sustainability Equity 
- 
Slash-and-burn 
Traditional crops 
High technology 
Compromise 
intermediate 
technology 
Low Low 
Medium Medium 
High Low 
Medium High 
High 
High 
Low 
High 
High 
Medium 
Low 
High 
- 
- 
Conway (1984, p. 11). 
These general concepts may be used to examine the centers' strategic and 
tactical options toward development in the humid tropics. Strategy is 
dependent on the relative weight assigned by the centers to the four 
objectives. These determine who and where the prime targets are for 
CH 14:9/2/85 
12 
application of the research. Tactics comprise the measures for reaching the 
target population and areas - germplasm, management, policy analysis, 
outreach, etc. This framework is used for the evaluation in the following 
section. 
14.4 Potential Impact of the Centers on the Use and Management 
of Renewable Resources in the Humid Tropics 
- 
- 
It is perhaps ironic that a preeminently scientific establishment such 
- 
as the CGIAR should be evaluated on its possible role in amelioration or 
aggravation of environmental damage in the humid tropics. Why should a 
supplier of "intermediate goods" to national programs be concerned about the 
environmental consequences of "consumption" of such goods by governments and 
private entrepreneurs over which it has absolutely no control? The centers' 
main activities lie in the genetic improvement of selected tropical crops. 
To the extent that the centers develop varieties that are higher yielding, 
drought and disease resistant, early maturing, insensitive to daylength 
etc., it may be argued that there is little basis for correlating change in 
the environment with those varieties; in other words, the technology has at 
a minimum no impact on the environment and may possibly be favorable. 
However, to the extent that the centers are increasingly involved in 
national research or agricultural policy, and influence soil, crop and 
livestock management and farming systems, there is room to insinuate a 
potential negative or positive role. 
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The approaches adopted by the various centers raise a number of issues that 
must be dealt with in assessing the nature and extent of environmental change 
(negative or positive), which in turn may be attributable to the output of the 
centers. The primary issues are: self-provisioning vs commercial products, 
low- vs high-input technology, fragile vs robust ecosystems, sharp focus 
single-track objective vs a broad-based systems approach: wide adaptability vs 
targeting; direct research vs research methodology orientation, germplasm vs 
management, and centralized vs decentralized decisions on center activities. 
14.4.1 Self-provisioning vs commercial products 
By focusing on rice, maize, beans, cassava, beef and milk, the centers 
have opted for tropical products in part of relevance to the "self- 
provisioning sector". However, the performance criterion seemingly most 
valued by the centers is the gross increase in production attributable to the 
varieties or management practices they have developed. Where the measure of 
success is output or gross value, it is logical that the centers should not be 
averse to the implementation of research results in the best favored 
agroclimatic conditions and by those classes of farmers who are in the best 
Position to provide the management skills and inputs required to realize the 
yield potential. Under these circumstances, it is to be expected that the 
centers would use some resources to provide additional information to 
institutions that can implement promotional policies influencing adoption of 
modern varieties. The consequences for management of humid tropical lands 
arising from this approach hinge on the question of whether or not 
self-provisioning farmers do more damage to the environment than commercial 
farmers. Unfortunately, no clear answer exists. 
- 
- 
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Self-provisioning farmers with an adequate area to enable long enough 
bush-fallow for recovery of soil fertility, are the least damaging. As 
population pressure builds up, bush-fallows usually are shortened, and damage 
increases exponentially. Where land is prepared for small farms under 
government projects using mechanized forest clearing, (as in Indonesia), 
damage may be attributed indirectly to the small-farm sector. Further, as 
population'pressure increases, self-provisioning farmers are often forced on 
to progressively more marginal, steep lands where annual cropping is not 
sustainable. Large-scale farmers have the potential to cause even greater 
on-site damage, where mechanized land clearing and subsequent tillage is 
generally a prerequisite. With adequate capital, physical productivity may be 
sustained: however, financial criteria may dictate abandonment of a degraded 
asset, as has occurred with a number of the large-scale schemes promoted by 
state subsidy in the Amazon over the past 15 years. 
Given the range of large- and small-scale users of center products in the 
humid tropics, what options are open to the centers if environmental damage 
were to be a decision variable? If modern varieties and accompanying 
management packages are more or less environmentally neutral (chapter 8 and 
13), the issue of strategy arises only where technologies have a potentially 
favorable impact, e.g., the CIAT management packages in the Llanos of Colombia 
or IITA's work on land clearing and minimum-tillage. Small producers may not 
have access to the inputs or management skills that would enable them to 
benefit from the new sustainable technological packages and thereby to reduce 
damage to soil and forest resources. 
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14.4.2 Low- vs high-purchased-input technology 
Humid tropical zones in much of the world are characterized by isolation 
from markets and input supplies, and by notoriously nutrient-deficient soils. 
The exceptions are the volcanic and alluvial soils and the densely populated 
areas of S.E. Asia used for intensive rice production. The development of 
fertilizeryresponsive varieties may have only limited applicability in much of 
Latin America, Africa and the outer islands of Indonesia and the Philippines. 
The impact of technology based on either high or low levels of intensity of 
use of purchased imputs on the status of tropical renewable resource 
productivity, stability and sustainability is conditioned by the relative 
fragility of the area in which the technology is applied. 
14.4.3 Fragile vs robust zones ' 
In assessing the potential impact of center research on management of 
tropical resources through development of different production systems in 
fragile or robust resource situations, it again comes down to the performance 
criteria applied. By focusing research on the better tropical soils and 
intensive irrigated crops with use of high-input technology, the centers can 
maximize their performance record measured by additional output. At the same 
time, by avoiding the fragile low-fertility marginal soils, they may claim 
immunity from blame for any damage that may result from agricultural 
activities on such soils. Development of high-input technologies for such 
soils would clearly make them vulnerable to the criticism of promoting 
productivity at the expense of stability and sustainability. Also by focusing 
- 
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on the more robust ecosystems, such as the savannahs and cerrados in Latin 
America, they can minimize association with the degradation issue, 
regardless of whether high- or low-purchased-input technology is the focus. 
On the basis of the three questions discussed above, the issue resolves 
itself into one of multi-purpose targeting (see also chapter 15): to reach . 
specific beneficiary groups, e.g., subsistence farmers: .to increase total 
volume and consumption of ,basic food commodities: and-, to achieve the 
foregoing within some acceptable limits of environmental degradation. The 
issue is illustrated in Table 14.2. Eight situations (target groups) are 
identified according to ecosystem, location with respect to markets, and 
size of farm. The options open to the centers are to focus on one or more 
of these situations with high or- low-input technology, or both. 
Table 14.2 Options for targeting small and large farms in fragile and 
robust tropical environments through technology of 
different impact intensity. 
Humid tropical 
environment 
Input intensity of the technology 
High Low 
Size of farms Size of farms 
Large Small Large Small 
Fragile 
Near markets (S. Nigeria) la 2 . 9 10 
Remote (Amazon) 3 4 11 12 
Robust 
Near markets (Java) 5 7 13 14 
Remote (Llanos) 6 a 15 16 
a Numbers in the table are referred to in the text as "situations". 
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In terms of increased food and short-run financial viability, the focus 
would be high-input technology applied in situations 1, 2, 5 and 7. 
Sustainability as a criterion might suggest expanding to a low-input focus, 
i.e., situations 9, 10, 13 and 14. It is to be assumed that a high-input 
approach in remote areas, whether robust or fragile (situations 3, 4, 6 and 
81, is ruled out on financial grounds. The remaining questions then become 
whether to address remote areas, fragile and/or. robust, through low-input 
technology - situations 11, 12, 15 and 16. From the viewpoint of 
environmental damage, the critical areas are situations 11 and 12, 
particularly situation 12. In the absence of other options, subsistence 
producers tend to expand on to steep fragile lands in the tropics, thus 
becoming a major source of damage. Low-input technologies may enable a more 
sustainable production system in this case. The gain would be a reduction in 
the exhausted land area and reduced downstream effects, neither of which are 
generally considered as criteria for center performance. 
The concept of "low-input" is relative : generally, some external inputs 
must be applied if the farming system in fragile ecosystems is to be 
sustainable, e.g., 25 kg/ha of nitrogen a year on tropical pastures or 
herbicides in minimum-till cropping. Thus ) adoption of such technologies is 
to be expected in situation 11 rather than 12. A similar situation would hold 
in remote robust areas, where adoption would be greater in situation 15 than 
- 
- 
in 16, e.g., CIAT's program in the Colombian Llanos. 
. 
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14.4.4 Single-purpose vs broad-based systems approach 
The early success of the centers is frequently attributed to single-minded 
attention by teams of dedicated scientists to systematic'removal of production 
constraints in a.very limited number of food products. Moving "downstream" 
from the germplasm developed with advantageous production characteristics, the 
centers have become involved in cropping systems, e*g., maize-based, 
rice-based, etc., where a start may be made with varieties followed by 
progressive moves to the use of fertilizers, water conservation and other 
cultural practices in a rotation. In this process, the centers seek to 
improve performance of the humid tropical agro-ecosystem in terms of 
productivity and stability, but not necessarily in sustainability and equity. 
It can be persuasively argued that it is not the role of commodity-specific 
centers to concern themselves with overall system performance. However, the 
question arises as to whether or not individual centers should develop 
guidelines based on a systems view of the conflicts and management issues that 
arise in intensifying the use of renewable natural resources in the humid 
tropics. These might make their research more relevant to the sustainability 
issue. In addressing this question, it is necessary to consider sequentially 
the remaining four inter-related issues - wide-adaptability vs targeting, 
research vs research methodology, germplasm vs management, and centralized vs 
decentralized decisions. 
14.4.5 Wide adaptability vs targeting 
In the humid‘tropical environment, the wide-adaptability approach has been 
successful for irrigated rice. In most of the other breeding programs, 
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emphasis has been placed on targeting for specific ecosystems and types of 
producers. Even in rice, recurring pest and viral attacks have placed heavy 
demands on breeders to stay one step ahead of potential disease outbreaks. 
Targeting of research may well be essential to address resource management 
questions that involve multiple objectives. Use of targeting to reduce the 
negative environmental effects of instability and unsustainability, questions 
arise of how finely-tuned the targeting should be, and which institutions 
(national and international) should undertake the research to meet the target 
specifications. These questions are addressed further in chapter 15. 
14.4.6 Research vs research methodology 
The targeting issue leads to the question of the relative weight to be 
assigned by the centers to undertaking the research vs a focus on research 
methodology and networking to support national research programs that should 
be expected to evolve a holistic approach to resource management, taking 
account of technological options, institutions and cultural endowments under 
particular resource (natural, human and capital) situations. 
14.4.7 Germplasm vs management 
As the centers are drawn away from the germplasm focus into management, 
their work becomes progressively more site-specific. Given the nature of 
tropical crops and the heterogenous characteristics of the rainforest 
ecosystems, the tendency is to become much more heavily involved in 
management. It is axiomatic that a management focus that addresses three, if 
not the four, measures of performance from the humid tropical agro-ecosystems 
is a critical element in reducing environmental damage. 
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Two questions arise with respect to centers' strategies. First, no 
satisfactory indicator has been devised to measure a center's performance on 
the management side. For instance, the work carried out by IITA on forest 
clearing has thoroughly documented the damaging effects of certain methods on 
productivity and sustainability. However, there is no evidence to demonstrate 
if, or to what extent, these research results have been taken into account by 
decision makers in selecting clearing methods. Similarly, there are no 
statistics on adoption of minimum-till practices, which could then be 
translated into indicators of performance in terms of productivity, stability 
and sustainability. In contrast, the germplasm improvements at several 
centers have resulted in substantial identifiable effects (chapter 6). 
Second, since the problems of multi-objective development of agriculture in 
the humid tropics tend to be more site-specific than other ecosystems, there 
is need for more finely honed breeding which makes greater use of indigenous 
germplasm and research, with feedback from implementation, into interactions 
- 
between the natural system and decison structures in evolving and applying 
production technologies (Norgaard 1984). On the surface, it appears unlikely 
- 
that this task could be effectively undertaken by the centers. If this is 
true, and the centers are concerned about their role in management of tropical 
resources, the question is how may the centers structure their research, 
outreach and network capabilities to service best, and accumulate and 
i 
disseminate knowledge from, national research institutes. 
14.4.8 Centralized vs decentralized decisions 
The past three issues discussed all bear on the question of whether or 
not the centers could make a greater contribution to development of tropical 
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agriculture by introducing a greater degree of strategic planning at the level 
of the CG itself. Should there be a more explicit formulation of research 
policy at the inter-center level? Thus far, it has been argued that the 
centers' work related to development of the humid tropics has focused heavily 
on productivity and to a lesser extent on stability and sustainability. While 
they have worked on management questions bearing on the latter indicators, 
there is little evidence on how the research has contributed to achievement of 
this objective. 
It was suggested above that development of tropical forest areas for 
agriculture is unnecessarily destructive: sustainability is not being used as 
a decision criterion in the process; and destruction on.a vast scale is 
reducing the natural productive capacity on millions of hectares annually. 
Given this on-going process, the CGIAR can take one of two positions - either, 
the problem is rooted in national political and cultural institutions and 
therefore is wholly outside the "area of influence" of international 
agricultural research or, the matter is of concern to the CGIAR and research 
and outreach activities should be designed to address more specifically this 
concern. The latter approach would require a system-wide examination of the 
options open for introducing sustainability as an explicit performance 
criterion for concerned centers. A fundamental question here is - from whence 
might come the demand for such an approach. As indicated, the concern about ' 
degradation of the humid tropics appears to be much greater, and more vocal, 
in non-tropical than tropical countries. If this is true, strict 
adherence to client demand is likely to result in selection of the former 
approach. 
- 
- 
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14.5 Synthesis 
- 
- 
- 
The initial question is whether the CGIAR should use environmental 
quality as one of the criteria for judging its performance with respect to 
agricultural production in the humid tropics. It was argued in section 14.3 
that performance should be judged within a systems context of renewable 
resource management where the indicators are productivity, stability, 
sustainability and equity "outputs" from a system that is conditioned by 
center products. It is taken for granted ‘that the evidence on short-run 
productivity is overwhelming, and it is assumed here that equity is unrelated 
to resource degradation. Accordingly, the evaluation addressed the stability 
and sustainability questions in terms of indirect macro impacts and direct 
micro impacts. 
Without modern varieties , production of rice and maize in the 90 
countries with humid tropical lands may have been 20 to 30 Mt less than it is. 
TO have made up this shortfall from nonirrigated lands with traditional 
varieties and management packages would have required an additional area under 
cultivation of the order of 20 to 40 million ha. Estimates of incremental 
quantities of cassava, beans, cowpeas, beef and milk attributable to 
CGIAR-related activities have not been made. The area in these crops and 
pastures in the humid tropics in 1982 was about 1000 million ha. If a 10 
percent increase in output due to work associated with the centers is 
arbitrarily assumed, the additional area needed to substitute for this 
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technology would be 100 million ha. These figures do not imply that, without 
the centers, an additional 100 million ha would have been cleared from 
tropical forest over the past 15 years. In fact, given the nature of 
traditional tropical agriculture and fertility decline, the area cleared to 
make up such a short-fall would have to be considerably more than 100 million 
ha. In reality, it is to be expected that total production would have been 
much less and increases would have been forthcoming from irrigated areas and 
other sources of technical change. 
- 
However, there can be iittle doubt that, in absence of the increment 
attributable to modern varieties and improved management packages there would 
have been substantially more pressure on the tropical land frontier. In 
addition, since reduction in supply of these staples would have increased 
prices, it may be assumed that marginal areas on the forest frontier would 
have become viable prospects for short-run development with negative long-run 
effects on sustainability of the resource base. With levels of increase in 
production of the order of those suggested here, it would be reasonable to 
expect the rate of land clearing to decline as the impact of center-related 
technology became significant in the 1970s. However, in 14 countries 
accounting for about 75 percent of nonirrigated farm lands in the humid 
tropics, there was no change in annual additions to area over the period 
1950-1982. This suggests that the rate of clearing would have accelerated 
after 1965 in the absence of the centers. 
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It is considerably more problematical to speculate on the extent to which 
varieties and management practices developed by the centers have contributed 
to consolidation of agriculture on traditional slash-and-burn areas. As - 
indicated in section 14.4, this is a two-edged sword - some of the area in 
bush-fallow may be abandoned and thereby allowed to revert to secondary, or 
eventually climax, forest - or, alternatively, the new production packages may 
offer the prospect of short-run gains that encourage both self-provisioning 
and commercial farmers to exploit land that otherwise would be considered 
marginal, with serious irreversible destruction of soils after two or three 
years. Centers' liability for amelioration or exacerbation of damage is 
directly related to the extent that activities are oriented "upstream" or 
"downstream". On the exacerbation side, there is no evidence to support the 
position that damage to the tropical resource base (measured by 
sustainability), as a result of expansion and intensification of land in 
agriculture, is worse as a result of the centers' activities relevant to crop 
improvement for these lands, i.e., the area abc in Figure 14.1 is, at worst, 
zero. This being the case, the question becomes: could or should the centers 
have done better (i.e., move curve W towards curve WP in Figure 14.1) with a 
different strategy and tactics. The options may be examined 'in terms of the 
eight issues discussed in 14.5. As a point of departure, it is taken that 
gross production and productivity are necessary but not sufficient indicators 
of the success attributable to direct application of center products. The 
strategic issues are subsistence vs commercial products and fragile vs robust 
zones. The remaining six issues are tactical. 
- 
- 
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On the question of strategy, there can be little doubt that the 
subsistence-food-crop approach is highly relevant to both economic development 
and alleviation of poverty. Thus, inevitably, the centers are placed in the 
position of dealing with tropical crops, with the exception of pastures, that 
are more environmentally damaging than commercial products such as sugar, 
coffee and tree crops. This is an "occupational hazard" that may be used to 
imply that the CGIAR should either diversify into commercial crops or 
substitute them for subsistence crops. The 'strategy with respect to dealing 
with robust vs fragile ecosystems is less easy to assess, and is interrelated 
with a number of the tactical issues (low purchased inputs, targeting and 
management). It is often argued that, if the centers are to have credibility, 
they must work with the less risky areas and must address those 
institutional/physical situations where their packages are bound to work. It 
is this credibility that enables them to move upstream and work with national 
entities that tend to judge their own performance by the same criteria. 
National policies have given little weight to management of resources in 
fragile ecosystems, as manifested by the generally weak institutions concerned 
with such areas. At issue for the CGIAR is the tradeoff between reduced 
credibility with powerful national entities and added support to weaker 
agencies working with fragile systems, if some resources were diverted to 
breeding, management and outreach for such systems. 
If sustainability is included among the CGIAR's performance criteria in 
support of tropical agriculture, the tactical issues all become interrelated. 
One key question is how many center resources should be diverted to "upstream" 
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- 
- 
and "downstream" involvement. Upstream, the concern is with helping to 
generate the national institutions and policies which, in turn, create 
effective demand for center packages that yield quantifiable measures of 
performance, e.g., crop area erosion rates, potential production capacity 
preserved. A major constraint here is the difficulty of establishing a direct 
relationship between a center management package and the eventual outcome. 
The centers may be tempted to follow tactics of germplasm improvement rather 
than management, high-purchased-input rather than low-purchased-input 
technology, and a narrow focus rather than a systems approach. The work of 
IITA on the effects of various forest clearing methods on agriculture's 
productivity and sustainability and sedimentation illustrates the issue. 
Another case is CIAT's work on management of cassava on sloping lands which 
demonstrates that'use of minimum till, fertilizer placement and pasture 
barriers will reduce erosion from 100 to 5/t ha a year. No way has yet been 
devised to measure the effect of this research on operating and policy 
decisions. If such a measure existed, and sustainability was a matter of real 
concern to the international community, IITA and CIAT may become more 
interested in a reallocation of resources to upstream activities. 
- 
The tactic of moving downstream to learn more from farmers on what works, 
adoption, etc., is interrelated with selection of tactics such as - management 
rather than germplasm, targeting rather than wide adaptability, a focus on 
research methods rather than center-based research, and a systems approach 
rather than a single-purpose orientation. For the reasons given above, most 
of the results of these tactics are difficult to quantify. 
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The nature of resource management demands targeting with precision that 
is far beyond the existing or even the potential resources available to the 
in,ternational centers. The question arises as to how can the centers use 
their very limited resources to maximize their contribution to 
multi-objective resource management in the tropics, using as the point of 
entry their established reputation in a few subsistence crops. The key tactic 
here would appear to be adoption of a systems approach (in identifying 
critical physical, institutional and economic constraints) to strengthen the 
role Of the centers in institutionalizing research methods where they act as 
vehicles for accumulating and disseminating information, and for quality 
control. This would involve moving both downstream and upstream. Any move 
upstream must build on a solid record of achievement that is probably most 
evident in the older crop-specific centers such as IRRI and CIMMYT. Another 
characteristic of much of agriculture in the tropics is remoteness, which 
suggests a low external input tactic, e.g., with emphasis on breeding for 
disease and drought resistance, efficiency in fertilizer uptake and biological 
nitrogen fixation: limited till: and water conservation. 
The final tactical question that cuts across all the issues discussed 
above is centralized vs decentralized decision making in the centers and the 
TAC with respect to choice of tactics to be adopted in addressing tropical 
agriculture. The CGIAR and its partners in research cannot be expected to 
revolutionize the scientific and institutional basis for achieving highly 
productive, stable, sustainable and equitable agriculture in the tropics. 
Bunting (1982) has posed the challenge as follows: 
- 
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"Unless there is sufficient volume of effective demand, a reliable 
output delivery system, a sufficient supply of the necessary resources, 
including knowledge, in the hands and minds of producers, and a 
sufficiently coherent and effective policy and administration 
internationally, nationally and locally, the HYV technology is hardly 
likely to succeed on the vast scale we need it. Research, new production 
technology, education, extension, inputs and credit, the hallowed toolkit 
of the western developer, may, or may not, be necessary conditions for 
agricultural change, but they are far from sufficient." 
If the premise of this chapter is accepted, that stability and 
sustainability of agriculture in the humid tropics should be criteria used by 
the CGIAR in judging its performance, it may be asked from whence comes the 
strategic long-term thinking on selection and design of tactics to be used 
within the global context posed by Bunting? This suggests some degree of 
centralized decision making, which clearly runs counter to the highly focused, 
decentralized philosophy which has been the engine of the CG system's success 
to date. 
14.6 Coda 
* Without the modern varieties, total food grain production would have 
been much less. In their absence, there would have been more pressure on 
the tropical land frontier. Over the past decade, perhaps as much as ten 
million extra hectares of forest would have been felled. 
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* Relieving pressure on the land may have helped to consolidate some areas 
of traditional slash-and-burn agriculture. 
* Conversely, new technologies that lower unit costs of production may have 
led to some extension on to land where production in the absence of new 
technology would not have been viable. This can lead to irreversible soil 
destruction. 
- 
* Choice of basic food crops has predetermined that the centers are working 
in areas of greater environmental fragility than would be the case if they 
were working on, say, major export and tree crops. 
* Attention to risky areas may involve some loss of impact on output from 
favored high producing stable areas. 
* Any specific attention to sustainability would involve broadening the 
criteria by which the centers are judged: measures of sustainability 
(preservation of productive capacity, lower runoff rates) would need to 
rank with the spread of improved varieties and the short-run increase in 
output as measures of performance of the system. 
* An issue now faced by the centers is whether evidence on apparently 
irreversible damage to renewable resources in the humid tropics dictates a 
systematic evaluation of why and how to incorporate the sustainability 
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dimension into their work.' Given the physical, social, economic and 
institutional complexity of renewable resource management in the humid 
tropics, it is not readily apparent whether the centers have the resources 
to undertake research and to seek greater involvement with the wide range 
of national institutions that impinge on sustainability of an ecosystem 
under agricultural exploitation. The issue is of sufficient importance to 
warrant those centers involved in tropical crops undertaking an assessment 
of options for research that might make an effective contribution. 
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15 EDAPHOCLIMATIC TARGETING 
15.1 Introduction 
As a prelude to considering research on farming systans and to 
complement the.foregoing chapters on stie important technological reseamh 
components, this chapter is addressed to environmental classification with a 
view to targeting of and defining relevance of agricultural research at the 
centers. It is based on a longer report prepared by Robert Brinkman (19851: 
- 
15.1.1 Environments 
The environment of a crop9 a land use or a farming system has physical, 
chemical, biological, social, econanic and infrastructural aspects. Only the 
first three fall within the terms of reference of this chapter. The environ- 
ment varies across space and time. Optimal varieties and management methods 
are similarly variable. 
- 
The site-season (or the site-year) can be considered as the basic unit 
of environment. It allows the study and description of: 
(a1 the stable environmental aspects of a.site (e.g., landform, available 
water capacity of the soil, exchangeable alumina levels in surface and 
subsoils 1; 
(b) the aspects that vary with the seasons and fluctuate with time (e.g., 
temperature, rainfall over the crop season; and 
(c) the actual incidence of aspects that may fluctuate from year to year 
(e.g., ‘of downy mildew, plant hoppers, cyclones). 
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Viewed in this way, the number of envirotxnents is essentially infinite, 
but only part of the variation is of practical importance. Environmental 
information is therefore summarized, classified ‘and mapped at different levels 
of generalization. The resulting classes and maps range from very broad 
(e.g., humid tropical lowlands, tropical intermediate altitudes) to detailed 
(e.g., calcareous silty or loamy soils, seasonally flooded to less than 0.5m 
depth). 
Experimental results that are consisten,t across years and across many 
sites (e.g., the relative performance of certain varieties in favored 
environments) can be applied with confidence over the range of envirorxnents 
covered by the experiment. Where results vary across years or sites, such 
confidence can only be derived from a relation of expkrimzntal results with 
environmental variables at the sites, combined with similar environmental 
information for the areas where application is intended. 
Environmental variables determining the applicability of research 
findings may be of many different kinds. For crop production, for example, 
they may include the incidence and range in severity of disease, the incidence 
and length of drought periods in a rainy season* the soluble ferrous iron and 
exchangeable nutrient cation contents; or for post-harvest storage or drying 
they might be the temperature regime and relative humidity, or solar radiation 
and frequency of rainfall events. 
15.1.2 Mandates and expertise 
Crops generally grow in environments having many aspects not under human 
control. Some aspects of the environment can be controlled or modified, at a 
cost, by one-time land improvements or recurrent management measures. One of 
- 
- 
- 
- 
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the ways to do without or to minimize the need for such modification is to 
choose crops that do well in a specific envirorxnent; another is to modify the 
crop so that it is better adapted to the nature of the given environment or 
better armed against its stresses. 
Much of the work of the centers is concentrated on the development and 
supply of genetic materials with desired qualities for further breeding, 
selection or direct application in developing countries. Other research deals 
- ” with methods of management or land improvement to raise or stabilize benefits 
and increase the efficiency of inputs (e.g., pest management, multiple 
- 
cropping, fertilizer efficiency). 
All these activities require knowledge about the nature of the 
environment in which the research results are obtained and knowledge about the 
location and extent of the envirorxnents for which the results are relevant. 
The conviction that such knowledge is necessary is widespread but not 
universal in the international centers. 
- 
The system of centers as a whole has’ the expertise to develop environ- 
mental classifications that are needed for targeting genetic materials as well 
as for tuning land management and improvement methods to envirorxnents. The 
system can also muster the expertise to characterize both the stable and the 
variable environmental features of a site that influence the performance of 
genetic materials or the success of methods tested at that site. Part of 
these activities have already been undertaken and the results are being used, 
mainly within centers or individual programs. 
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Some centers have embarked on describing and mapping the broad physical 
environment in their most immediate parts of the world, e.g., CIAT in N. South 
America or’ IITA in humid and semi-humid W. Africa, on the basis of existing 
information with sane additional field work. To enable a more specific 
response to different questions about environments, CIAT has entered basic 
environmental data for several thousand sites into computer storage and made 
them accessible through a geographical data-base management system devised and 
developed at the center. IRRI has collected a data base of climatic 
information on south and southeast Asia, combined this with information from 
the Soil Map of the World (FAO 1974,1976) and data on the location and extent 
of the upland rice cultivation, in order to define breeding and selection 
objectives and to identify representative screening sites for upland rice. 
- 
- 
More contacts both among centers and with others will be needed to speed 
up the wider application of practical and low-cost methods of data collection 
and management, as well as to widen the circle of users once environmental 
data sets have been collected and made accessible through a management system. 
- 
Matching genetic materials, management and imrovement methods with 
environments is a continuing activity rather than a once-only project. The 
centers are aware of this and act accordingly, with) sanetimes quite severe 
limitations of financial and personnel resources. 
The methods, approaches and insights for optimal adaptation of the 
- 
research to environments that are mentioned in later sections are presently 
used, are being developed or are being considered by the centers or at least 
by researchers in one or sane of them, except where specifically attributed to 
others. 
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15.1.3 Different perceptions of environments 
For purposes of plant breeding, the world in which a crop is grown is 
often perceived in terms of a limited nunber of distinct mega-environments, 
generally characterized in broad climate-terms. Regions distinguished at a 
similar level of generalization, but with sane soil differences also taken 
into account, have been termed agroecological zones and edaphoclinratic zones. 
Both spatial and temporal variability are recognized within these mega- 
/ 
environments. Part of this variability is ascribed to the incidence of 
specific biotic or abiotic stresses, part is not explained. 
- 
Where large regions within a mega-environment can be characterized by 
the prevalence of different combinations of stresses, these are used to 
subdivide the mega-environment into macroregions. Plant breeding nurseries 
can then be targeted to a mega-enviroment or a macroregion. They may also be 
targeted to a stress or a combination of stresses which occurs extensively but 
is not restricted to a macroregion or a mega-environment. 
- 
In contrast, the environment of farming systems reseaEh may be 
perceived as a mosaic of land types, with variation at a detailed scale across 
the landscape, within rather closely defined climate zones. A recanmendation 
dcmain or a microregion is an area with a similar land type or recurrent 
combination of land types, as well as social, econanic and infrastructural 
conditions faced by farmers. 
A whole farming system can generally .be applied only within fairly 
narrow environmental limits, since it is restricted by the environmental 
limits of each of its components. A single component of a farming systw is 
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usually applicable over a wider range of envirorrnents, and typically forms a 
part of more than one farming system. Viewed in this way* a variety or a 
clone is such a component, with rather wide envirotxnental limits. 
In plant pathology or entanology, the envirorznent is seen in broad terms 
or in detail, depending on the degree to which relationships have been 
recognized between pest or disease incidence and stable envirorrnental features 
that can be represented on a map or readily observed in the field. 
- 
15.2 Plant Breeding 
I 
- 
The international centers concentrate much of their effort and resources 
on the continual improvement of crop germplasm. Improvement is in terms of 
potential yield, fertilizer responsiveness, resistance to or tolerance of 
pests, diseases and abiotic environmental stresses. 
For farmers, the choice of the clone or cultivar that gives the highest 
yield under particular farm conditions generally entails low costs compared 
with other measures to increase net returns, such as fertilizer application, 
weed control, chemical plant protectionr drainage, irrigation, etc. 
Plant breeders, especially when seeking to inprove grains and grain 
legumes, tend to select lines with yield stability and wide adaptability to 
environments, as well as high average yield, resistance against specified 
diseases, and suitable plant type or product type (e.g., seed color). Yield 
stability across years is sought because of the largely unpredictable 
variation in the environmental characteristics of a site from one year or 
season to the next. Broad adaptability across sites is sought to minim%e the 
- 
- 
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need for a multitude of varieties, each with a narrow environmental niche, 
usable locally on only a small area. 
A universal clone or cultivar would be resistant against a wide range of 
pests, diseases and other envirorxnental stresses, daylength insensitive, heat 
and cold tolerant, tolerant to drought, and to oxygen deficiency in the root 
zone (waterlogging), adapted to low fertility but with a high fertilizer 
responsiveness, and tolerant to a range of toxic conditions in the root zone. 
Since this ideal cultivar cannot be produced, choices must be made in plant 
breeding, and cultivars or clones are designed and selected for resistance to 
or tolerance of combinations of stresses prevalent in specific envirorments. 
Information from multilocation trials generally comprises yield, crop 
phenology and incidence of major diseases and pests, but environmental 
information for the sites often comprises only latitude, longitude and 
elevation above mean sea level. For sane experimnts, at scme locations, 
reports are also made of site variables such as rainfall means or actual daily 
rainfall data, temperatures, sun hours or solar radiation, and soils data such 
as available P or K. The environmental data generally are not used in the 
statistical analysis, however, and as a result, the differences in site mean 
yield (the environmental main effect1 sanetimes remain unexplained. 
Because of the policy of breeding for wide adaptability, particularly in 
several grain crops, the differences between lines tend to show a degree of 
consistency across locations. At high-yielding locations in particular, the 
same few lines tend to be among the-top performers. The low-yielding 
locations are often “poor predictorswr in the sense that the relative 
performance of lines shows greater variation between low-yielding locations 
CH 15: 8/28/85 
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than between high-yielding ones. This is because of the wide variety of 
reasons for poor yields. These may, for example, include drought, low solar 
radiation, different nutrient deficiencies, toxicities, poor plant establish- 
ment, weed competition, and incidence of different diseases or pests. If the 
reasons for overall poor performance at a location are known, high-yielding 
lines at that site may be taken to have a degree of resistance or tolerance to 
those stresses. Such indications are sanetimes not included in the reports or 
in the further analysis of multilocation trials, however. 
- 
In root and tuber crops, the situation seems to be similar in so far as 
a small number of clones generally yield best or above average consistently 
across sites, but there tend to be greater differences in required resistance 
spectra between agroecological zones. 
- 
15.3 Pests and Diseases, Distribution and Dynamics 
Some pests or disease agencies can be transported rapidly by wind: up 
to hundreds of km a year or over the period of a single weather event, as with 
- 
the case of locusts. Global or continental circulation patterns may thus be 
of main interest for the spread of a strain or biotype. Climate, mainly 
through temperature and humidity, influences the general incidence and 
severity of pests and diseases. Specific outbreaks seen to be determined 
mainly by individual weather sequences* in ccmbination with the continuous or 
intermittent ava.ilability of the crop or other hosts and with the entity’s own 
life cycle. In scKne cases* soil differences play a part (e.g., Xanthoscma 
root rot in poorly drained, clayey soils or cassava root knot nenatcde in 
continuously moist soils). 
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Pest and disease pressures thus vary in nature and severity with place 
and time. They depend, in ways that are only partially quantified, on climate 
and the actual sequence of weather events , soil hydrology and other soil 
physical and chemical conditions, the spatial and temporal distribution of the 
host crops in an area around the studied site, the resistance or tolerance of 
the cultivar at the site and in the surrounding area, and the nature and 
intensity of past crop protection measures. 
- 
- 
- 
- 
This complicated, interdependent set of relationships has been modeled 
for few crops in few environments only, mainly because of the time and money 
needed to collect the extensive data sets on which to base identification of 
relationships, estimation of par-meters, and validation of models. Results 
from successful models are used by farmers, e.g., in England and the 
Netherlands to time their crop protection measures for potatoes. 
Similar but less quantified information forms part of the Florida 
agricultural information retrieval system, the approach of which is being 
adapted in IRRI for training purposes. The integratd pest management methods 
developed by several centers are in part based on similar information on the 
dynamics of pest incidence. Thus, the variability of the envirorxnent over 
time is taken into account and used. 
With the introduction or rapid expansion of a new crop or cultivar, a 
“holiday” period may occur, during which potential disease and pests are still 
absent or negligible. This state of affairs may end by an epidemic or by a 
more gradual buildup of disease and pest pressuresI. initially in the absence 
of natural predators or other controls. Initial success in introduction 
experiments therefore is no guarantee of continued apparent imnunity, as shown 
, 
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by the sometimes alarming speed with which new cultivars are needed to replace 
older ones in defense against fungus diseases such as rust. To guard against 
severe problems arising a few years after cassava introduction into new areas 
in Mexico, for example, CIAT recommended maintaining a broad germplasm base 
with several different lines under multiplication , as well as a careful study 
of changing disease and pest populations during the multiplication period. 
Once general levels of certain disease or pest pressxes are correlated 
with environments, or with certain environmental variables, even initial 
species introduction into new areas may be pre-tested for resistance against - 
the most serious of the likely threats. 
For example, differences between pest presswes on pasture species in 
different environments are clear from Table 15.1. ,In cassava, co-n bacteria 
blight and superlongation are severe only during prolonged rainfall periods;, 
Phytophtora and ,Pythium root rots are most prevalent in poorly drained, heavy 
soils; the concentric ring and white leaf spots occ~ where rainy-season or 
winter temperatures fall below 180~~ (Lozano et al. 1980). An example of a 
broad, world-scale, classification of edaphoclimtic zones for cassavat with 
emphasis on pest and disease incidence, is shown in Table 15.2. 
The effect of pathogen .or pest on a cultivar depends on natural and man- 
made aspects of the environment as well as on the kinds and amounts of 
management inputs. The latter are influenced by the.econanic, social and 
- 
- 
. 
infrastructural conditions under which the farmers operate. These conditions 
can often be taken as reasonably uniform for strata of farmers within 
countries or major regions within countries. 
10a 
Table 15.1 Importance of insect groups in relation to the degree of damage 
caused to some legumes and grasses in various ecosystems 
Pasture species 
insect groups 
Ecosystem and sample locations 
Well-drained isothermic Well-drained isothermic Seasonal semi- 
savanna cerrado savanna, llanos evergreen forest 
CPAC Carimagua El tigre Pucallpa 
Brazil Colombia Venezuela Peru 
- 
Stylosanthis 
sucking insects 3 3 3 3 
leaf-eating insects 3 1 2 3 
stem borers 1 1 1 
budworm 1 1 1 
Zorina 
sucking insects 1 3 3 .3 
leaf&eating insects 3 1 2 
budworm 1 1 
leaf miner 3 1 
spidermite 3 
Andropogor 
leaf-eating insects 
aphids 
1 
1 
Brachiaria 
sucking insects 3 3 3 3 
rasping insects 2 1 
- 
Data from CIAT 1984 Tropical Pastures Program Report, Table 12. 
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Table 15.2 &laplxxzli~~~tic zones For cassava production and tkir II&I charaderistics. 
EilapbcUImtic 
zaws (Kz) no. General descriptton Representatives 
Sites in Colc&ia 
for germplasm evatuatton 
ad technology testing 
kjor yield 
constraints 
1 Lcdad inputs with lq dry season, 
la4 to mxkrate aruual rainfall, high 
year-~-and tempxature 
2 
op 
4 
3 
4 
5 
6 
kid soil savannas with &rate to Uancs of Colanbia ard VenezueLa 
10% dry season, lw’relatiw hpnidity Gx-rados of Brazil, savanna of 
durirg dly season southern Wco 
Lawlad tropics with M pronounced kmzon basins of Brazil, Colombia 
dry season, high rainfall, constant kuador, an3 Peru, rainforests of 
hLgh relative knnldity Africa and Asia 
Medlunmltitub (8CO-1500 m) tropics 
with m&rate dry season ~IXI 
tenperature 
Mediumaltitude are33 of Andwn 
Zone, BoLivla, Brazil, Ccsta Rica 
Irdonesia, PhiLIppines, Vietnam 
Cool, tropical hi&M (1600-2200 m) 
areas wlth II& temperatures of 
approldrrately 17-20°C 
Subtropical areas; with cool winters 
ant fluctuatirg daylewhs 
. 
Northeastern Brazil, north coast of 
Colanbia, northern Verlezlela 
‘Ihailand, southern Lndia, 
sub-ShLian Africa 
Highlands of ArkkIn zone and 
tropical Africa 
Southern Brazil, Paraguay, northern 
Argentfna, Qlba, no&em kxtco 
southern China, Taiwan 
Caribia, Fowsca, MedLa 
Lima, Nataima, KIonegio 
Chigorodo, Florencia L4w soil fertility 
Caiwdonia, CUT-Pahnira, 
CLXT-QuilichaO 
Drwght, mites,.thrips, waly- 
tmgs, tennltes, tsxteriosis 
root rots, viruses 
Lckl soil fertility, droqht, 
bacteriosis, superelongation, 
anthracrwe, Gxospora leafsp3t, 
ndtes, Fmalybrgs, Lace es. 
Tluips, mites, rrealytqs, bac- 
teriosis, mycopla9m, anthrac- 
nose, root rots, a.rxi viruses 
laJ teryerature, Phum leaf- 
spot, anthracncse, mites. 
ku winter tenqxature, bacte- 
ria& supxeLo~~a:ation, 
anthrxnose. 
. .-.e* --. -- 
11. 
Since climate and weather conditions determine the likelihocd of damage 
from many pathogens and pests, a subdivision into homogeneous edaphoolima tic 
regions makes it possible to develop specific management recommendations 
against them, as well as to select, or breed and select within su& regions 
for appropriate levels of resistance. For soil-borne or soil-related 
pathogens or pests, a further subdivision is needed to arrive at homogeneas 
recommendation domains. 
- 15.4 Agroncmic and Farming Systems Research 
- 
Farming systems and their components are generally more sensitive to 
differences in climate, soils and topography than the choice of lines or 
clones with the highest relative yields. Iwo examples illustrate this. 
In Vertisol watersheds of southern India, different cropping systems are 
- 
needed for optimum moisture use in adjacent areaS with different probability 
of drought periods in the rainy season, although rainfall totals are similar. 
Crops and varieties are similar in the two envirorznents. 
- 
In the Philippines , rainfall probabilities for the onset and the 
termination of the rainy se&on have been used for extrapolation and mapping 
of areas where certain improved cropping patterns would likely be sucoassful, 
as well as for fine tuning of the cropping patterns. 
15.4.1 Farming systems and components 
A successful farming system is an econanically and scoially viable set 
of activities and inputs producing benefits from land. Each activity has its 
own environmental limits, e.g., the cassava crop requires sufficient moisture, 
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generally from rainfall, and high relative humidity for high yields of fresh 
tubers, whereas the natural drying process of cassava chips requires much 
solar radiation and dry weather. Any complete farming system is therefore 
applicable within a fairly narrowly circunscribed environment. An individual 
activity may become a part of more than one farming systan, and normally has a 
wider environmental range. 
Therefore, farming systems reseat-chers have spent much effort on 
environmental description and analysis. Once the difference in range of 
applicability between whole farming systems and components becomes clear, 
there can be increased emphasis on component reseawh and clearer 
identification of such components in farming systems, rather than on 
monolithic farming systems, for ultimate dissemination to farmers. 
15.4.2 On-farm research and environmental differences 
The variation between yields of the main current cultivars and the best 
available cultivar or line at a site may be of the order of 10-50 percent. 
The variation in yields between different management methods has a similar 
magnitude in scme cases but may be far greater. Also. the variation in crop 
yields between environments often exceeds a factor two. Part of the yield 
differences between environments is amenable to human intervention by 
management or land improvement measures. On-farm research, as done by several 
centers, is designed to identify technically, econanically and scoially 
feasible methods of such intervention. The best methods found generally vary 
between sites. The differences in optimal methods observed between sites then 
need to be explained in terms of consistent, readily observed or measured site 
characteristics. If the results of the research are to be effectively spread, 
- 
the areas with the same sets of site characteristics need to be delineat& so 
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that farmers within them can be approached. Alternatively, the site 
characteristics required for successful application can be translated into 
terms or concepts that are clear to the farmers; the results placed within 
this context can then be made known more widely. 
15.4.3 Spread of research findings among farmers 
A promising research finding, whether from on-station or off-station 
research needs to be tested and adapted under famrs’ condition. An 
international center itself can only reach a small number of farmers with a 
research finding, or do on-farm adaptive research at a limited number of 
sites. Ideally, national research and extension organizations, in cooperation 
with a center, adapt and disseminate each potentially successful finding 
throughout its recommendation domain. 
Wherever this is difficult in practice, it may be useful to extend on- 
farm adaptive trials as widely as feasible, in the most simple design 
possible, and unreplicated within farms but replicated within villages across 
farms, for example. This could be done in cooperation with extension 
organizations or national research institutes or universities, wherever 
practical. 
Such a course of action, variants of which are used in different 
centers, has several advantages. 
- In a short period of time, the degree of success and its variability 
under farmers’ management can be estimated and the limits of the 
recommendation domain can be tested. Farmers can help define what 
went wrong. - 
a-l 15:8/78/85 
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- Since farmers are active participants in the trials, many more 
variants will be tested by the farmers than the researcher could have 
done, and adaptation by farmers may substantially extend the 
recommendation domain. 
- A successful innovation tends to be spread autononously by contact ’ 
between farmers. Speed of spread in west Africa, for example, seems 
to be between about 5 and 20 km/year, in part depending on road 
connections. The adoption rate within the area where the inncxation 
is known depends on the perceived benefits and the availability and 
feasibility of, the required inputs. 
- Local extension officers, whether actively involved initially or in a 
later stage, can pick up the innovation and use it in their work. 
15.5 Description of Environments 
15.5.1 Environmental characterization of sites 
Experimental sites are charzterized to different standards and specifi- 
cations by the centers and by programs within centers. This is due in part to 
different requirements, in part also to the different possibilities of 
environmental data collection by cooperating investigators at the sites. 
Descriptions generally include latitude, longitude, elevation, planting and 
harvesting dates, incidence or presswe of major disease, pests and other 
hazards. In sane cases, temperature and rainfall are recorded as well, and in 
a few cases also evapotranspiration, radiation totals, landform, soil 
chemical, hydrological and other physical char= teristics or soil 
classification. 
- 
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Such environmental data as are available for a site are generally used 
for a qualitative interpretation of results obtained at that site. For 
screening nurseries or observational or yield trials, results are related to 
the known biotic and abiotic stresses at the site. For agronomic or farming 
systems trials, much attention is paid to the identification of the 
environmental variables that determine the degree of sucoess or failure of the 
method or the system tested, and to the estimation of their critical values. 
These are then mapped in the surrounding area* but not routinely swveyed in 
homologous environments elsewhere. Examples of effective identification and 
mapping are the probability of drought periods in the monsoon season, which 
separates the areas in southern India suitable for two farming systems 
developed by ICRISAT, or floccling depth in Cagayan valley, northern 
Philippines, which delimits the area of successful irrprovements developed by 
IRRI for a rice-based cropping system. 
In multilocation trials where yield and crop phenology data are 
available for several or many comn lines across sites, analysis generally 
centers‘on relative yields or on differences from a site index, such as site 
mean yield or the mean of two standard lines or of the two best lines at each 
site. Thus, the many kinds of environmental featires that may limit yield are 
assumed under a single yield-related site variable. Differences in results or 
performance that are not explained in terms of environnent (abiotic or biotic 
stress incidence) cannot be used for extrapolation to other areaS N later years 
or farmers’ conditions, but constitute part of the variability (error term). 
If the performance of .a set of cultivars is analyzed for a cluster of 
high-yielding sites, a relatively consistent picture emerges, since the sites 
constitute a relatively homogeneous environment compared with the differences 
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of lines across sites may also be consistent. Where low-yielding sites with 
different kinds of limitations are included in the analysis, however, 
environmental characterization provides essential information to explain the 
performance of the lines doing best at that site and thus to identify lines 
tolerant or resistant to specific stresses. 
In cases where differences between sites are of the same nature as 
between years at a site, e.g. ,. in rainfall distribution or temperature regime, 
stability across years and adaptability across sites may be closely related. 
Results from such groups of sites speed up screening of lines or clones and 
testing of other findings, such as cropping systems 
rapid accumulation of site-years of experience. In 
between sites are unlike differences between yeara, 
availability or toxicity, adaptability across sites 
information on stability across years. Information 
differences is not always collected. 
15.5.2 Classification and mapping environments 
For purposes of targeting cultivars, , lines or 
environments, the land areas of the world have been 
number of mega-environments specifically for one or 
or elements of these, by 
the case that differences 
for example in nutrient 
does not provide 
on the nature of these 
segregating populations to 
classified into a small 
a few crops or crop 
groups. These mega-environments have been characterized generally in terms of 
temperature regime (or altitude in the tropics) and rainfall regime (or the 
associated general vegetation form). In sane cases they have been delineatd 
on small-scale, generalized maps. 
At a less general level, sane of the centers in cooperation with 
national counterpart institutes have identified, and in sane cases delineated,’ 
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macro-regions within a country for a given crop or crop group or land use. 
Macroregions are specified further than mega-envirorxnents. Besides tanpera- 
ture and rainfall, the general landforms , availability of irrigation water, in 
scxne cases important soil groups, and general social and econanic featires are 
indicated. Within such a macroregion, there tends to be a certain set of 
major constraints to production , and fairly close specifications of qualities 
and resistances required in a cultivar can be drawn up. 
Specific land improvement or management measures9 or whole cropping or 
farming systems, may still not work optimally throughout a crop macroregion. 
For this, a subdivision may be on the basis of landform units, specific soils, 
climate differences, and social, econanic and infrastructural features. Sane - 
centers have developed systematic methods for this, others make the necessary 
distinctions on an ad hoc basis. Further work is needed to identify rapid, 
effective methods of characterizing and mapping reccxnmendation domains or 
homogeneous crop regions at low cost and with a very small proportion of the 
work having to be done by highly trained specialists (See Feature: Targeting 
Technology). 
15.5.3 Environmental limits of applicability for research findings 
Research findings, whether they are new lines or clones, new machines or 
tools, or new crop sequences or management methods, each have their own 
environmental limits of applicability. Coincidence of such limits with 
environmental class boundaries drawn for a different purpose is fortuitous. 
The more generalized is the map or classification of environment, the more 
severe the mismatch tends to be. Often, a satisfactory mat=h can be found 
only at detailed scales of mapping. 
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The natural conditions for crop production vary widely. As a result, 
the requirements that must be met by new varieties and husbandry practices are 
equally broad. It would be prohibitively expensive to develop materials 
suited to each narrow ecological niche. On the other hand, a single variety 
cannot be expected to perform adequately across all envirot-ments. This 
tradeoff has to be resolved. Is it to be resolved by selecting oner two or 
more “typicalvf environments and producing materials tailored for them? How 
are these regions to be selected ? How extensive should they be? How variable 
are they? Is it feasible to produce materials for sane of those regions? How 
difficult will it be? What progress can be expected? Over what period of 
time? 
These are the questions facing the centers in their quest for the most 
productive allocation of their own scarce research resources. They cannot 
begin to be resolved without better information about the environments. By 
investing in the acquisition, assembly, displaying and interpretation of data, 
existing research resources can be made more productive than they would have 
been in the absence of such information. 
There are two approaches to the problem of defining agroecological 
zones. If there is a relatively complete knowledge of the physiology of the 
crop* limits to the ranges of environmental factors can be defined. Fran 
these it is possible to map the regions of adaptation of the crop. However, 
- 
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seldom is sufficient known about the effect of these envirotxnental factors on 
growth nor on the pest and disease relationships. Furthermore, knowledge of 
the differential response of varieties to zoning variables is inevitably 
incomplete. 
The alternative strategy is to proceed from the geographical 
distribution of the crop and use the major differentiating variables and 
varietal reactions. The work of both CIAT and IRRI in ‘rice has followed this 
strategy. 
The Agroecological Studies Unit of CIAT is providing information based 
on three types of data: meteorological, edaphic and crop systems. This is of 
special importance to rice in Latin America because of the variability and 
dispersion of ecosystems and the strong germplasm-ecosystem interactions. 
- 
Data on monthly mean rainfall, temperature and humidity have been stored 
in specially designed computer files for over 46,000 sites in Latin America. 
Land systems are defined as areas having a recurring pattern of cliwte, soils 
- and landscape. Cropping systems data include planting and harvest dates, 
cultivars diseases, pests, yields and associated crops. 
These approaches have allowed CIAT to develop an initial grouping of 
upland rice areas distinguished as favored, moderate and unfavored. Analyses 
of drought stress ,periods, soil fertility, and length of grawing season have 
been used to develop a more detailed knowledge of the envirorrnental 
circumstances of rice production. The studies have shown that rainfall 
variability is a more important limiting factor than length of season. While 
no rice was grown in the infertile, acidic soils of the Andean region, 
20 
commercially viable yields are possible when these soils are found in higher 
rainfall areas. 
How much information about ecological settings should the centers 
acquire? Clearly the scope is limitless for docunenting in ever greater 
detail. the minutia of ecological diversity. At sane point, however, the 
additional knowledge will contribute less to improvements in the allocation of 
research efforts than it costs to acquire, signalling’ a stop to further 
efforts. 
ENDFEATURE 
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Ideally, the environmental limits for the application of a research 
finding would be known; the environment would be represented as a multi- 
variable continuum over the earth’s surface; and matching of the two would 
provide a map of the areas where the finding could be successfully applied. 
The environmental limits of a reseamh finding generally are not sharply 
defined, because the limited amount of testing that is feasible often includes 
few, if any, near-boundary cases. Also, year-to-year variability especially 
of rainfall, and of variables influenced by it such as soil aeration, nitrogen 
availability or flooding regime , may cause a gradual transition between 
regions suitable and unsuitable for application of a research finding. 
15.5.4 Environmental data bases 
A multivariable continuum of environmental information can,’ in 
principle, be modeled by a data base containing information for point 
locations which is then subjected to,efficient two-dimensional interpolation. 
Data base management systems with such possibilities are under development in 
different places, including sane of the ,intemational agricultural research 
centers. 
Point data, such as rainfall or solar radiation, can be integrated with 
information on delineated areas as derived from soil or land use maps* by 
assigning interpolated values of the former and specified values of the latter 
to the cells of a map grid, over the area of interest. Such a grid data base 
requires a very large amount of memory if the cells are small enough to 
minimize information loss, but could be matched against many kinds of 
requirements without the constraint of class boundaries fiied beforehand. 
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Elements for a world-wide data base exist, e.g., in the form of the 
digitized soil maps of the world (in FAO) + but for most purposes more detail 
will be needed, e.g., a 1: 1 million scale equivalent. The Intema tional Soil 
Reference and Information Center is presently exploring ways to get such work 
under way. Current data sets will need to be linked into any overall data 
base to minimize cost and ensure optimal accessibility and use. 
15.6 Centers and Envirorments 
The system of international agricultural research centers, or the much 
wider system that includes the national agricultural resea=h institutes, 
cannot respond specifically to all the needs of farm%s in their diverse and 
complex environments. In Bangladesh alone, for example, about 480 distinct 
soils series have been recognized, many of which may occu- under different 
flooding regimes. Even individual farmers normally use several kinds of land 
and manage these differently. 
Therefore, agricultural research has concentratei on inproving 
components of farming systems expected to be applicable in a wide range of 
conditions, as in the ‘continuing searoh for new lines with high yield 
potential, stability and broad adaptability. 
Agricultural researchers have recognized that no single “best” lines 
exist for all environments,, and that their performance, as well as the 
response to management or land improvement measures, depends on the nature of 
the environment. This has led to several developments, briefly indicated 
below and systematically sLPnmarized in the previous sections. . 
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Climate zones and soils of the world and of regions, countries or 
project areas have been surveyed at different scales and degrees of detail. 
On a world scale (FAO) and in some countries (e.g., Kenya) this information 
has been integrated into maps of agroecological zones. 
General maps of present land use have been produced, as well as maps 
indicating extent or prevalence of specific crops (e.g., CIAT, IRRI). For 
scme crops* the total area of their occurrence has been subdivided into a 
small number of mega-environments , requiring germplasm with contrasting 
qualities (e.g., CIMMYT). Within scme of these mega-envirorments, 
macroregions have been identified on the basis of the presence or absence of 
specific stresses (e.g., CIMMYT now have such regional and descriptor data 
organized and mapped for 23 of 25 intended countries). 
Yield data from multilocation trials with c-n sets of lines or clones 
have been used to cluster the experim%t sites into groups with common pat- 
terns of relative yields. Efforts are being made to define and assemble a 
minimal necessary set of environmental data for each site in such experiments 
(e.g., ICRISAT, IRRI). 
For specific stresses reported to occur over large areas, such as 
aluminum toxicity and phosphate deficiency, certain fungal diseases or insect 
pest incidence, screening pf lines or populations for resistance or tolerance 
as well as agronomic experiments are concentrated in sites representative for 
the stress (e.g., CIP, IITA). 
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.15.7 Coda 
* The site-season can be considered as the basic unit of environment. The 
number of environments is essentially infinite, but only part of the 
variation is of practical importance. 
* Environment variables determining the applicability of research findings 
may be of many different kinds and have many aspects not under human 
control. 
* CIAT has entered basic environmental data for several thousand sites into 
computer storage accessible through a geographical data-base management 
system to enable a more specific response to different questions about 
environments. Other centers (e.g., IRRI, ICARDA, ILCA) have develokd 
similar systems. 
* Matching genetic materials, management and improvement methods with 
environments is a continuing activity. 
- 
* Mega-environments are generally charxterized in broad climate terms. 
Regions distinguished similarly but with sane soil differences also taken 
into account are termed agroecological or edaphoclimatic zones. Where 
large regions within a mega-environment can be charzterized by combina- 
tions of stresses a macroregion can be defined. A recanmendation domain or 
a microregion is an area with a similar land type or recurrent combination 
of land types, and a set of common social, econanic and infrastructural 
conditions faced by farmers. 
CH 15:R/78/85 
25 
- 
* Universal or ideal clones or cultivars do not exist and so choices must be 
made in plant breeding, and cultivars or clones are designed and selected 
for resistance to tolerance of combinations of stresses prevalant in 
specific environments. 
* The relative performance of lines often shows greater variation amorg low- 
yielding sites because of the many reasons for poor yields including 
drought, low solar radiation , nutrients, toxicities, establishment, weed 
competition, and incidence of diseases and pests. 
- 
* Once general levels of certain disease or pest pressures are correlated ’ 
with environments, species introduction may be pre-tested for resistance 
against the most serious of the likely threats. 
* Since climate and weather conditions determine the likelihood of damage 
from many pathogens’ and pests, a subdivision into homogencus edaphoclimatic 
regions makes it possible to develop specific management recanmendations 
against them. For soil-related pathogens or pests, a further subdivision 
is needed to arrive at homogenous reccxnmendation domains. 
* Any complete farming system is applicable only within a fairly narrowly 
circmscribed environment. Farming systems reseaEhers have spent much 
effort on environmental description and analysis. In the Philippines, 
rainfall probabilities have been used for fine tuning of the cropping 
patterns. 
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* On-farm research, as done by several centers, is designed to identify 
technically, econanically and socially .feasible methods .of intervention. 
If the results of the research are to be effectively spread, the areas with 
the same sets of site characteristics need to be delineated. 
* Examples of effective identification and mapping are the probability of 
drought periods in the monsoon season, which separates the areas in 
southern India suitable for two farming systems developed by ICRISAT, or 
flooding depth in Cagayan valley, northern Philippines, which delimits the 
area of successful improvements developed by IRRI for a rice-based cropping 
system. 
* Where low-yielding sites with different kinds of limitations are analyzed, 
environmental characterization provides essential information to explain 
performance. Mega-environments have been characterized generally in terms 
of temperature and rainfall regime. Further work is needed to identify 
rapid, Cffective methods of characterizing and mapping reccmmendation 
domains or homogenous crop regions at low cost and with a small proportion 
of the work having to be done by highly trained specialists. The 
environmental limits of research findings are generally not sharply 
defined, because few, if any, near-boundary cases can usually be tested. 
* The centers and national programs cannot respond specifically to all the 
needs of farmers in their diverse and complex envirotments. In Bangladesh 
alone, for example,. about 480 distinct soil series have been recognized, 
many of which may occur under different flooding r&Es. The centers have 
concentrated on improving components of farming systems expected to be 
applicable in a wide range of conditions. 
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) General maps of present land use have been produced, as well as maps 
indicating extent or prevalence of specific crops (e.g., CIAT, IRRI). For 
some crops, the total area has been subdivided into mega-envirot-rnents, 
requiring germplasm with contrasting qualities (e.g., CIMMYT). Efforts are 
being made to define and assemble a minimum necessary set of enviromental 
data for each site in cluster analysis of multilocation trials (e.g., 
ICRISAT, IRRI. For specific stresses such as certain fungal diseases or 
insect pest incidence, screening of lines as well as agroncmic expertints 
are concentrated in sites representative for the stress (e.g., CIP, IITA). 
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16 FARMING SYSTEMS RESEARCH 
16.1 Introduction 
The need for farming systems research and its usefulness lie in the degree 
to which traditional research approaches of a disciplinary or commodity nature 
fail to produce outputs that are actually used by farmers. The greatest need 
and opportunity for a farming systems approach are in the development of 
improved technology for the masses of small-scale farmers in the developing 
countries. Such farmers generally have neither the education nor the 
information services to enable them to act as good integrators of new scientific 
information. They have consequently been unable to make good use of-the results 
of traditional research. Such research has generally overemphasized biological 
potential and yield considerations without giving sufficient attention to other 
criteria relevant to resouce-poor farmers. Through closer involvement of these 
groups in the research processes, farming systems research promises to overcome 
these deficiencies. 
- 
- Until the 197Os, little was heard of the farming systems approach to 
research. Since then it has had no shortage of either powerful 
proponents or opponents in national and international forums, suggesting 
that farming systems research is significant and revolutionary. Yet 
farming systems have, necessarily, existed ever since farming began and 
with hindsight, it could be argued that much successful agricultural 
research has been that which was conducted with a strong (perhaps 
2. 
implicit) farming systems orientation. Nonetheless, institutional 
research specifically organized in terms of farming systems is relatively 
new, dating spasmodically from no earlier than the 1930s. Only in the 
past decade has farming systems research gained significant formal recognition 
via sanctioned budget appropriations and designated program activities within 
research agencies. Given this youthfulness and the complexity of the issues 
addressed, it is perhaps somewhat premature to be seeking to identify on-farm 
impacts, which seemingly lie yet in the future. 
While there is still much discussion over various points of detail, 
the general framework of methods for farming systems research is no 
longer a matter of contention, as evidenced by the general consensus to 
be found between, for example, Collinson (1982), Dillon, Plucknett and 
Valleys (1978), Gilbert, Norman and Winch (1980), Norman (1980), Shaner, 
Philipp and Schmehl (1982) and Zandstra et al. (19Sl). After an 
introduction to the farming systems approach, an overview of the methods 
of farming systems research is provided, outlining the consensus 
position. This is followed by a discussion of some organizational 
matters. Then some remarks are offered about the role of the centers in 
farming systems research, providing a framework against which, in the 
penultimate section, the activities of the centers under this heading are 
assessed. 
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The centers' work on farming systems research is still young, in most cases, 
so that significant impact is still in the future. Substantial benefits do, 
however, seem to be in store including benefits associated with better soil and 
water conservation and use, but- further patience will be required of supporters 
while the work matures. 
16.2 The Farming Systems Perspective 
- 
- 
- 
What is the farming systems approach to research? Certainly it does not 
imply the use of some new independent science. Rather, it involves knowledge 
available from the physical, biological and social sciences (i.e., from the 
standard pool of knowledge used in traditional agricultural research) applied 
using a systems approach (Couger and Knapp 1974) to inquiry. Thus farming 
systems research is holistic in outlook and is both multi- and 
interdisciplinary. Reflecting a concern with understanding farmers' real 
systems, the activities of farming systems research include both research on 
farms and on experiment stations, on occasion trading less control for more 
relevance to an extent that is unusual in traditional research focused on a 
particular discipline or commodity. 
Basic to farming systems research is an appreciation of the farm as a 
system of which the farmer and the farm household are integral parts 
(Dillon, Plucknett and Valleys 1978, p.8). Following Shaner, Philipp and 
Schmehl (1982, p.16), a farming system can be defined as a unique and 
reasonably stable arrangement of farming enterprises that the household 
manages in response to the physical, biological, a,nd socioeconomic 
environments and in accordance with the household's goals, preferences 
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and resources. Every farming system is part of larger systems - e.g., I 
the local community - and can be divided into subsystems - e.g., cropping 
systems. Thus it involves complex interaction between a variety of 
interdependent components, including human and technical elements. The 
technical elements, specified in terms of available technology and 
climatic and resource constraints, define production possibilities. The 
human elements involve endogenous and exogenous factors (including the 
socioeconomic and cultural environment) that influence farmers' decisions 
about the operation of the farming system and choice of technology. 
16.3 The Methods of Farming Systems Research 
A synthesis of farming systems research methods is presented in Figure 
16.1. Broadly, nine activities are involved. To a degree, particularly in the 
initial stages, these activities will be sequential. However, once an ongoing 
program is established, it is likely that several the activities will be going 
on simultaneously. 
A target domain is selected having regard to the development goals 
and priorities in the country or region of focus and to the mandate of 
the research institution. The target domain should be chosen to give a 
fair chance of obtaining tangible results in reasonable time and be broad 
enough to spread costs (Perrin et al. 1976). The most satisfactory 
delineation is likely to be based on relative homogeneity of the farming 
system currently used or of a system's edaphoclimatic environment.. 
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Figure 16.1 A schematic generalization of farming systems research. 
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As a basis for the further steps in the research process it is necessary to 
investigate the existing farming systems in the target domain to identify 
farmers' production methods, resource availabilities, priorities and decision 
criteria. Several alternative methods have been developed at CGIAR and other 
centers for such investigations. These include both reconnaissance or 
exploratory surveys and formal surveys (Byerlee and Collinson 1980, Byerlee, 
Harrington and Winkelmann 1'982, Gilbert, Norman and Winch 1980. Chambers and 
Ghildyal 1984 and the 1981 special issue of Agricultural Administration on rapid 
rural appraisal). The former are relatively quick and cheap. They typically 
involve a week or so of field travel through the target area by a small 
multidisciplinary team (e.g., an agronomist and an economist) which meets with 
representatives of policy-making and farmer-contact agencies, community leaders 
and, above all, farmers and their families. The disadvantages are that the 
types of information that can be collected are limited and some.data may be 
subject to substantial bias-. Reconnaissance surveys are most useful in refining 
the definition of the target domain and in identifying priority issues for 
further research. 
Formal surveys, in contrast, typically involve some considered form 
of sampling, designed questionnaires and an orientation to conventional 
statistical standards of accuracy. They vary in ease and speed of 
implementation and scope of coverage but, typically, profiles of labor 
availability, cash flow, work demands, prices received, etc. can be built 
up in this way and, if the collections run sufficiently long, the 
variability over time, especially in response to natural hazards like 
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flood, drought and fire, can also be quantified. In contrast to informal 
exploratory surveys (e.g., as implemented by the CIMMYT Economics Program), 
formal surveys are likely to be time consuming and costly. This will be 
particularly so if the formal survey is of a multi-visit panel nature as is 
usually necessary for accurate recording of ongoing activities of production 
processes, household transactions, time allocation, etc. such as used in 
ICRISAT'S Village-Level Studies in India and ICARDA's Farming Systems Village 
Studies in Syria. 
If time and resources permit, and the need is seen, both exploratory 
and follow-up formal surveys will be conducted. In terms of gaining an 
understanding-of existing systems and opportunities for change, they are 
complementary and best seen as relating to different stages in a program 
of farming systems research. The rough and ready information of an 
exploratory survey may sometimes'suffice. If systems modeling (e.g., 
mathematical programming analysis) is used, more detailed information 
obtainable only via formal survey procedures may be needed. 
The primary purpose of the survey information is to gain an understanding 
of the constraints faced by farmers in the target domain and the opportunities 
open to them. The constraints may be those imposed by limited resources, 
including limiting edaphic factors or biological materials. Opportunities may 
be identified in terms of underutilized resources, such as labor surpluses or 
land lying fallow during certain seasons, or in terms of potential scope to 
break important constraints. The analysis of opportunities will be aided by 
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drawing on the stock of knowledge about production processes and technologies, 
perhaps using experience of improving broadly similar systems in other places. 
From appraisal of the constraints and opportunities and from the pool 
of existing knowledge (including results of relevant research), judgments 
can be made as to system changes that might be appropriate. This 
creative design activity should generate a few sets of improved practices 
for possible development and testing on the experiment station and at 
farm level. 
Also arising out of the analysis of constraints and opportunities, a 
variety of problems (e.g., diseases, marketing difficulties, etc.) will 
be identified needing further research. The feasibility, potential 
benefits and.priority of addressing these problems need to be established 
before undertaking research aimed at their solution. Having-decided on 
the portfolio'of problems to be researched in greater depth, commodity or 
disciplinary research on the relevant system components can be conducted 
on the experiment station or, in some cases, immediately on farms. This 
research may be oriented to single or multiple components and may involve quite 
basic research, albeit guided and constrained by an ultimate focus on improving 
the target farming system by adding to the stock of relevant knowledge. As the 
stock of knowledge about the target farming system grows, it allows more 
perceptive analysis of the constraints on, and.ofiportunities for, system 
improvement. , 
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The crucial stage of farming systems research is the development and testing 
of possible system changes via experiment station trials and on-farm testing. 
Generally, the greater the stock of existing knowledge pertinent to the system 
under study, the shorter will be the time required for this stage. Prototype 
technologies are usually tested first on the experiment station before being 
tested in farmers' fields. Sometimes, however, on-farm work can be a valuable 
anticedent to work on experiment stations. 
Farm-level evaluation via both researcher-managed and farmer-managed, 
trials is a crucial element of farming systems research. Performance of 
potentially improved technology will usually drop as it is moved from the 
artificial conditions of the experiment station to farms, particularly 
when tested under farmer management for compatibility with the existing 
system. Needless to say, the experimental designs and procedures used in 
on-farm work are usually much simpler than those used on-station. 
Researcher-managed farm trials can cover more treatments than 
farmer-managed trials and should be aimed at screening proposed 
technologies from the design or experiment-station stage, at fine-tuning 
them to local conditions, and at evaluating their potential for local and 
regional coverage. All this is, of course, easier said than done and will take 
several years. Figure 16.2 indicates the time scale expected to apply, for 
example, in ICRISAT's Work in developing improved land and water management 
systems. 
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Figure 162 Steps in ICRISAT’s development of improved farming systems 
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The process of prototype technology design and testing must involve on-going 
economic assessment, initially in an. ex ante context to cull less promising 
suggestions, and later in an ex post context based on trials in farmers' 
fields. Economic assessment of prototype technologies, as practised variously 
at CIAT and ICRISAT, for example, is discussed by Anderson and Hardaker (1979), 
Banta (1982), Ghodake and Hardaker (1981) (Figure 16.3) and Ryan, Sarin and 
Pereira (1979). The analyses should obviously be based on performance with 
farmers' management, predicted if not observed, and ideally using choice 
criteria of the farmers, as identified in the survey phase. Because of the 
difficulties in identifying and quantifying these criteria, the ultimate test 
must be the willingness of farmers to adopt the technology. 
An important distinguishing feature of farming systems research is 
the feedback, depicted in Figure 16.1, from the,assessment of the 
. Prototype technologies on station and, more relevantly, on farms, to the 
stock of knowledge about the target farming systems themselves and the 
new technologies that might be introduced to those systems and to the 
- 
analysis of the constraints and opportunities of the target group. It is 
- this feedback that leads to progressive, constructive redesign of 
improved practices until they are well adapted to the needs and 
circumstances of the target group of farmers. 
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Figure 16.3 Technology assessment in a farming systems research context. 
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FRATURE: Farming Systems Research and Groups 
Much of the discussion about farming systems research is principally 
directed toward the needs of individual farmers. However, there are 
important types of technologies that require group action by farmers to have an 
impact on agricultural production. Examples include watershed planning and 
livestock disease management. Thus far, farming systems research on group 
technologies has been limited. ICRISAT's Vertisol technology research in India 
and ILCA's introduction to Ethiopia of oxen-drawn excavators for small-scale 
water harvesting are two examples of center involvement in group technologies. 
END FEATURE 
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Extension workers should be involved directly in the on-farm testing 
activities so as to be fully informed about the work. They, along with other 
members of the farming system research team, should monitor the spread and 
evaluate the performance of any newly introduced technology so as to provide 
feedback on any relevant issues to research managers, sponsors, if any, and 
policy makers. Monitoring and evaluation account for the various perspectives 
of farmers, researchers and society as a whole. 
16.4 Issues in the Implementation of Farming Systems Research 
16.4.1 Organizational challenges of farming systems research 
Compared with a traditional organization of research on'the basis of 
disciplines and/or commodities, farming systems research has strong implications 
for the organization and management of research. By virtue of its holistic 
approach to the problems of agricultural production, farming systems research is 
multidisciplinary in nature, Consequently, it should be organized so as to 
provide a means by which multidisciplinary teams of researchers can examine 
relevant problems of the target farming systems, including problems relating to 
relationships between system components that may transcend conventional 
disciplinary research boundaries. The organization of farming systems research 
should thus be such as to encourage effective interdisciplinary interaction. 
Such interaction is best encouraged by purposive leadership and voluntary 
cooperation rather than solely by formal institutionalization through structural 
changes to research bureaucracies. Procedures and mechanisms have to be 
developed that facilitate joint work without stunting individual initiative and 
effort. 
- 
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The successful operation of farming systems research places great demand 
upon the researchers involved. Coordination must be frequent and be undertaken 
by the people directly concerned. Teamwork is essential. Most importantly, the 
intra-institute organizational structure for the work must be flexible. As the 
research task changes, so too, if need be, should the team orientation, its 
membership and its leadership. Good leadership is essential and is unlikely to 
be achieved if the choice of leaders is determined mainly by seniority. A high 
standard of professionalism is required of all team members which, in turn, 
requires that personal professional goals must be realizable within the system 
and the team. 
The farming systems research approach requires that the research 
workers should be involved in all steps of the work. One group does not 
stop at one stage and hand over its results to someone else for further 
development and testing. Rather, the same team should participate in all stages 
of the problem-oriented research, and especially in the work in farmers' 
fields. Research with a conventional approach is usually much more 
compartmentalized across time and space. 
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FUTURE: Integrating Social Scientists into Farming Systems Research 
In the post-euphoric phase of the industrial and green revolutions,the 
importance of human, social and economic factors in farming systems is so widely 
recognized that it requires little further elaboration here. Research 
administrators, whether they be in regional, national or international 
organizations, are generally responding by ensuring that social scientists are 
represented, at least to some degree, in research structures. 
The form of their representation varies widely, reflecting such things as 
the prejudices of the administrators and their influential scientific 
(especially from other than the social sciences) advisers and the availability 
of social scientists with backgrounds and interests in agriculture. The range 
extends from a token and peripheral appointment or two, though specialized 
service divisions of social sciences, to complete integration of social 
scientists in multidisciplinary research and problem-solving teams. In spite of 
the diversity, the institutional incorporation of social scientists generally 
appears to become morehaphazard the more local is the level of organization. 
Thus, for example, social scientists are pervasively involved in the centers 
but, at the other extreme, can be almost non-existent at the regional 
agricultural research stations of developing countries where priorities have 
usually been given to activation of biological research. Perhaps it is the 
political sensitivity of socio-economic research findings (e*g., on income 
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distribution issues) that has slowed the advancement of social sciences in much 
agricultural research, manifested, in the past, in failures to train adequate 
numbers of people for such posts. Fortunately, however, the situation is 
improving in most countries (but still not all). 
What is it that social scientists have to offer in farming systems 
research? One important set of activities is the assembly of information 
on such matters as (a) the social milieu in which farm decisions are 
made, (b) the institutional setting and policy environment in which 
farming is conducted, including land reform, credit and taxation, (c) the 
economic environment of farms, including long-term market prospects for 
inputs and outputs and, most importantly, understanding of the 
oPPortunity costs and transaction costs faced by farmers, and (d) the attitudes 
and personal constraints of farmers, including their desire or otherwise for 
change, for leisure, for education, for different foods and so on, and their 
human and other capital. The purpose in such work is to assist in the 
identification of effective changes to and designs of practices, techniques, 
enterprises, activities and policies that are acceptable to and appreciated by 
the target groups in farming systems research. The days of the 'quick' 
technological 'fix' have just about gone and progress now must be won through 
better understanding of the full reality of farming systems. 
END FEATURE 
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FEATURE: Addressing the Needs of Women in Agriculture Through 
Farming Systems Research 
Existing farming systems research, like so much other agricultural research, 
may well be biased against the interests of women in agriculture and, hence, may 
fail to perceive the true potential productivity of farming systems or unfairly 
redistribute costs and benefits through its inventions. - 
Potential bias arises first from the idea that agriculture is the primary 
variable affecting the livelihood of resource-poor farm families. Yet where 
male and female economic activities are gender-determined and where women 
concentrate on non-agricultural activities, the focus of farming systems 
research on farming techniques may mean that opportunities to improve the 
productivity of other work, done by women, may be overlooked. Yet the scope for 
raising family living standards by just such improvements may be as great as in 
farming methods. 
Second, farming systems research has inherited from conventional research 
the notion that attention should be directed to improving foodcrop production. 
But a crop becomes food only after it has been cleaned, preserved and stored, 
prepared and, in most cases, cooked. The returns to improvements in these 
activities, commonly undertaken by women, could .possibly exceed returns from 
efforts directed to improving crop yields. 
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Third, partly because of mandates of the centers, and partly because of the 
need to focus available research resources on crops and animal types that loom 
large in commodity trade or in real farming systems, little attention is 
directed to minor crops and small animals. Yet, once again, these are often the 
particular responsibility of women, whose contribution to family welfare might 
be appreciably increased by the diversion of some research resources to these 
production areas. Indeed, because of the ways farming systems are perceived by 
(mainly male) researchers, the activities within the system that are controlled 
by women may be underestimated and undervalued. 
Fourth, the large and in some areas growing numbers of farming households 
headed by women, as well as the own-account production of wives, especially 
second and beyond wives in polygamous marriages, has tended to be subsumed 
within concepts of male-managed household enterprises as the typical units of 
production. 
The undervaluation of the contribution of women arises also because farming 
systems researchers have generally failed to integrate the management of 
household maintenance and reproduction into their analysis of system 
performance. Fetching water to irrigate a vegetable crop is seen as part of the 
farming system, but fetching water for cooking - probably a more essential task 
for the survival and reproduction of the household - may too often be omitted 
from the analysis of labour time use. 
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Farming systems research practitioners acknowledge the need to identify the 
goals and objectives of farmers in the target domain. Usually this means that 
the priorities of the male head of the farm household are investigated. Seldom 
is it recognized that a woman's objectives, partly because of their roles in 
domestic crop processing and feeding the family, partly because of the 
alternative claims on their labor time, and partly because of their tasks and 
management responsibilities in their own food crop production, are likely to 
differ from, and may conflict with, those of the man. The risk of bias in 
farming systems research arising from the failure to recognize such 
differences, not to mention the failure to try to account for them, is serious. 
To some extent, of course, the focus on the interests of men in farming 
systems research reflects the inferior status of women in many situations and 
their relative powerlessness to make independent decisions, including decisions 
about the technologies that affect their work and lives. A full-blown program . _ 
for farming system improvement would consider the institutional and. 
infraStrUCturd environment within which production and household maintenance 
takes place and would identify avenues for system improvement that could.well 
include such things as changes in the legal status of women or raising women's 
participation in various types of employment. However, while the matter is 
contentious, the practice of farming systems research at the centers has 
generally excluded this broader and politically more sensitive view of the 
sys terns research agenda. 
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The extent to which the practice of farming systems research raises women's 
contribution to development depends on the sensitivity of the researchers to 
women's roles and perceptions. Given the paucity of data on women in 
agriculture and the heavy male dominance in staffing of research teams, the 
immediate outlook is not good. That these problems exist and are important is 
now beginning to be recognized. A first step towards improvement would seem to 
be to include more women among farming systems research staff, and to increase 
the training opportunities for women at the centers and in center-related 
training programs. 
ENDFEATURE 
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16.4.2 Other difficult.ies of implementation 
First, it must be recognized that farming systems research is, to a greater 
or lesser degree, locational specific (Menz and Knipscheer 1981). The more 
complex the system under study, the more locational specific it is likely to 
be. Hence, perhaps the greatest single problem in farming systems research in 
developing countries, and, indeed, for any alternative model of agricultural 
research, is the diversity of farming systems. 
An issue for researchers to grapple with is the allocation of their scarce 
investigatory resources among so many competing systems of diverse importance, 
especially when importance is judged by such things as the contribution to 
economic growth and welfare needs of more or less neglected groups. There is no 
easy solution to this difficulty but, minimally, research decision makers must 
be sensitive to the tendency to concentrate resources on farm people already 
favored relative to those in, less accessible areas. The price of social 
relevance may be that work that is more difficult and less scientifically 
satisfying must take precedence over opportunities that are easier and more 
comfortable. Special funding may be required in many instances and, with the 
growing recognition of farming systems research among donors, it is to be hoped 
that this may be increasingly obtainable. 
16.5 The Centers' Roles in Farming Systems Research 
- 
Almost everywhere it is undertaken, farming system work tends to provoke 
controversy, in part because of widely held scepticism among many research 
CH. 16 8/25/85 
20 
- 
- 
- 
practitioners of more traditional ilk and in part because of diverse practices 
conducted under this rubric. Although there is reason to believe that consensus 
is emerging, some controversy remains about the propriety of centers' 
involvement in farming systems research, and the purpose and work programs in 
this field at those centers where such programs exist. 
Farming systems research seems clearly most suited to the circumstances of 
national agricultural research programs, since it is specific to the relatively 
small numbers of farmers in selected locations that form the chosen 
recommendation domains. With target domains of typical size and scope, the 
numbers of domains to be studied worldwide make the task clearly several orders 
of magnitude beyond the present and potential resources of the centers. The 
mandates of the centers are too broad for them to make a major commitment to 
farming systems research directed to just the few target groups that they could 
realistically cope with. Rather, it can be argued, the centers should be 
concentrating on expanding the stock of knowledge about the production 
technologies on which effective farming systems research by national programs 
heavily depends. 
Yet these arguments are incomplete in two main respects. First, the task of 
expanding the stock of knowledge for national farming systems .research programs 
imposes on the centers a need for relevance in their basic research and 
prospective technology development activities. Such relevance can best be 
assured through the feedback mechanisms of farming systems research. Second, 
the capacities of national programs to conduct effective farming systems 
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research often need reinforcing. It is to be expected that national 
agricultural research agencies, facing, as they often do, personnel and other 
resource constraints, will look to the centers for guidance and help in their 
farming systems research. These arguments indicate the desirability of the 
centers engaging in farming systems research work, but in ways which are 
symbiotic with national programs. 
According to this view, the centers' activities in farming systems 
research should be directed to the development of research methods and to the 
more direct support of national programs - for example, by providing technical 
assistance and training, by supplying prospective technologies for on-farm 
testing and by sponsoring collaborative activities such as farming systems 
research networks. 
To summarize, and following Sands (1985), a farming systems research program 
at a center should have the following responsibilities and activities: 
(a) develop and refine farming systems research methods for transfer to 
national programs; 
(b) organize training programs in farming systems research for research 
workers in national programs; 
(c) directly manage a limited farming systems research project, partly as an end 
in itself and partly as a vehicle for (a) and (b) above; 
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(d) provide technical support and, where appropriate, organizational 
guidance, to national farming systems research programs; 
(e) develop and coordinate research networks which exploit the comparative 
advantages in farming systems research of the center itself and the national 
programs; 
(f) channel feedback from farmers and national programs to center research 
planning and program evaluation. 
- 
Many of these activities are already being carried out at several of 
the centers. Nevertheless, the degree of commitment to the farming 
systems research ideas varies from center to center. Some assessments 
are made in the following section of the extent to which the centers are 
fulfilling the roles enumerated above. 
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FWJXRE: Faming Systems Research in Panama 
Agricultural research in Panama had traditionally been conducted by several 
organizations including the Ministry for Agricultural Development, the 
University of Panama and other public and private agencies. It was conducted on 
experiment stations under conditions that differed considerably from farmers' 
circumstances. The Panamanian Institute for Agricultural Research (IDIAP) was 
formed in 1975 with a view to creating a more productive research system. 
The new agency was to focus directly on research for specific crops and 
regions. It aimed at developing technologies to relieve the constraints to 
production on representative farms. Research was focused on the most critical 
problems facing farmers, in the crops and areas given highest national priority. 
A pilot project was set up with CIMMYT in the area of Caisan, a zone of 
10,000 ha with 3,000 families. The immediate aim of the project was to raise 
incomes and productivity in the maize and bean cropping system; the longer term 
aim was to gain experience in conducting on-farm research and linking it with 
the agricultural'research system. Through workshops, training courses and 
learning-by-doing, the Caisan pilot scheme was to serve as a means of 
incorporating on-farm research procedures into IDIAP's institutional structure. 
In short, the project sought to accomplish both technical and institutional 
innovations. CIMNYT contributed the methods for on-farm research and training; 
IDIAP provided the research resources (staff, housing, vehicles, supplies). 
- 
- 
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Several technological changes were identified, tested and promoted through 
the on-farm research work. All these related to agronomic practices including, 
weed control, spacing and density, tillage and fertilizer use. The pattern of 
adoption of new practices was carefully monitored. 
To evaluate the returns to this strategy requires an answer to the question 
of what would have happened in the absence of the on-farm research program? 
There are two aspects to the answer. The first is whether the traditional 
approaches would have identified the same research problems and hence eventually 
have generated the same new knowledge.. The second is whether the existing 
institutional arrangements would have resulted in a similar rate of adoption. 
A conservative judgment was taken that the innovations would have been the 
same under the traditional research system. However, the adoption rates would 
have been lower in the early years of the project. In other words, the benefits 
were those arising from a more rapid diffusion of new knowledge resulting from 
the manner in which it was generated, tested and diffused. When this assumption 
was invoked, the investment in the work was estimated to generate an annual flow 
of net social benefits of between $1.9 and $2.5 per $1 invested by Panama. 
Neither direct CIMMYT costs nor benefits to other countries through CIMMYT's 
international programs were considered in these calculations. 
The progress of the project and the experiences with the method were 
followed closely by the research directors. The method involved on-farm surveys 
and experiments, the use of an informal survey leading to a focused 
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questionnaire, the pre-screening of best-bet technological components and the 
management of experimental and non-experimental variables for on-farm testing. 
Each step was carefully documented in order to ensure its transferability to 
other projects. In 1978, two national staff from IDIAP were assigned to the 
Caisan project. By 1983, 45 research staff were involved in eight priority 
areas of crop and livestock research for specific zones, all built around the 
on-farm research methods first tested in Caisan. 
- 
Projects such as these can constitute a most worthwhile investment by the . 
centers. In general, if well conceived and executed, the return to the 
- 
collaborating country should be high: but this is to be expected given the 
resources provided by the center. A more global evaluation demands that the 
full costs of those resources be included. Simultaneously, of course, the 
benefits in other projects, regions, and countries must be counted. This is the 
essential element in the case for justifying center involvement in specific 
on-farm research projects. There are two types of benefits. One arises from the 
wider use by the national program in the particular country of the methods and 
approaches which were tested and modified to local circumstances in the pilot 
study. This appears to have been the case in Panama. The other stems from the 
economies of size that the centers can exploit. Developing new approaches and 
methods may not be a justifiable investment for a nationalprogram, especially in 
a small country. However, the center may well be able to spread its development 
costs over 10 or 15 countries. 
- 
- 
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In summary, the success of such ventures appears to hinge on the following 
questions: 
(a) Are the methods and approaches sufficiently flexible to adjust to local 
circumstances? 
(b) Will the project provide an opportunity for national program staff 
(beyond the project staff themselves) to gain experience with the approach? 
(c) Will this lead to a wider adoption within the country? 
(d) Can the international center use this case in other countries? Positive 
responses to all of these, although not ensuring success, would hel’p justify 
case study involvement in on-farm research by international centers. In 
contrast, in the absence of generalizable lessons and transferable. results, 
specific on-site involvement is likely to be a costly venture with few if any 
gains above those from the site-specific, traditional experiment station 
approach, which on-farm research is intended to replace. 
END FEATURE 
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16.6 An Assessment of the Activities of the 
Centers in Farming 3ystems Research 
Consistent with the declared objectives of, farming systems research, the 
activities of the centers under this rubric can only properly be judged by the 
extent to'which farmers in the recommendation domains are assisted to achieve 
better their objectives (Anderson 1985). However, given the roles of the 
centers in this work, the farm-level impact will normally be achieved 
indirectly, through national agricultural research programs, making direct 
assessment of the impact difficult. It seems more appropriate, therefore, to 
attempt an assessment of the centers' contributions relative to the specific 
responsibilities and activities listed at the end of the previous section. 
Development of methods. An important lead in developing farming ystems 
research methods was taken by the Economics Program at CIMMYT. In collaboration 
with national programs, CIMMYT has developed and refined its methods for farming 
systems research through more than a decade of field experience. These methods 
are usually described as on-farm research with a farming systems perspective. 
In various ways, other centers, including CIAT, CIP, ICRISAT, IITA and IRRI, 
have also contributed to the extant methods. While there are many similarities 
in approach between the centers, there are also some differences, such as the 
Pastoral orientation of ILCA's work and the soil and water conservation emphasis 
at ICRISAT. In developing and testing methods, such differences are healthy 
since, through evaluation of alternative approaches, the best methods to suit 
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particular circumstances can be identified. A problem may arise, however, when 
such differences are carried over into training programs and where two or more 
centers are cooperating with a particular national program. This has been a 
problem in the past but the better coordination needed among centers in their 
training and collaborative work is beginning to be implemented. 
Training proqrams. In Zimbabwe, the establishment of a farming systems 
research unit in the Department of Research and Specialist Services in 1982 can 
be traced to ‘a demonstration of its farming systems research approach provided 
- 
by CIMMYT for research staff in 1980. The exercise, which was a study of an 
area of small-scale farming, was one of the first evaluations of its type in 
peasant farming in Zimbabwe. The amount of useful data generated, coupled with 
the rapidity and low cost of the approach, impressed those involved and set the 
stage for the uptake of the farming systems approach in the country. 
Other centers that have been active in promoting the farming systems 
research approach in tropical Africa are ILCA, IITA and ICRISAT. In fact, much 
of the growing interest in farming systems research in Sub-Saharan Africa 
(though not all of it) can be traced to the influence of the centers. 
CIMMYT has been active in providing farming systems research training ( to 
nearly 500 participants in E. and S. Africa) that has been appreciated by a 
number of national programs. For example, the establishment in Malawi of 
adaptive research, using a farming systems research approach, has much to do 
with the ready access by the national program to training courses from CIMMYT's 
CH. 16 8/25/85 
29 
regional program as well as the in-country program of CIMMYT. There are three 
types of training offered and these are designed to be complementary: 
orientation sessions of three to ten days; regional training workshops of five 
weeks a year; and in-country training program "calls" over 15-18 months. The 0 
material covered in the calls matches critical stages in the farming system 
cycle and evolves to match the growing experience of the participants. 
Globally, much yet remains to be done in familiarizing research workers with 
the concept and in offering hands-on experience. Ideally, university curricula 
in agricultural science should inculcate appropriate methods and practice but 
there is far to -go in this respect in all countries. 
Conduct of farming systems research projects. At a number of centers, 
farming systems research programs that might be thought of as demonstrations 
have been created, wherein the center is organized to feature a 
multidisciplinary farming systems program, set up primarily or partly to show 
the way forward (as well, often, as to provide a model for farming systems 
research training). The programs at IITA, ICRISAT and perhaps ICARDA exemplify 
this type of work even if the interdisciplinary collaboration has not always 
been exemplary. As a direct demonstration vehicle, such models encounter some 
'buyer resistance' through appearing to potential 'customers' as demanding 
financial resources beyond the reach of national programs. They do, however, 
also offer the opportunity for a center to demonstrate that commodity-oriented 
research thrusts need not be confined to "mandate" crops; ICRISAT's farming 
systems program, for example, has worked on 11 crops beyond the five in the 
center's mandate. 
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There are numerous benefits for a center from maintaining a farming systems 
research program over which it has full control. Most importantly, it can bring 
center research workers into direct contact with some of the small-scale farmers 
who represent the ultimate consumers of their research output. Second, through 
hands-on experience, the center can better fulfill several of the activities and 
responsibilities noted above, such as development of farming systems research 
- 
methods and provision of training. A center-run farming systems research' 
program also serves to channel feedback to the center's research allocation 
decisions. In these respects, a good example of a center-run project is the 
Mantaro Valley Project of CIP in Peru in which the "farmer-back-to farmer" 
method for generation and transfer of technology was developed. 
Direct support of national programs. CIMMYT's work in E. Africa and 
ICRISAT's work in W. Africa are notable examples of provision of support for 
national farming systems research programs. The concept is to share hands-on' I 
experience with national investigators and research planners to extend the 
approach as a model for organization and management of research. The pilot 
farming systems research project in Panama set up.by the Panamanian Institute 
for Agricultural Research with collaboration and support from CIMMYYT (see 
Feature) is another example of the same philosophy of a center's involvement. 
Coordination of research networks. In the development and coordination of 
research networks, the experience of the Asian rice-based cropping systems 
research network, supported by IRRI, is encouraging. Recognizing land scarcity 
as the principal constraint to expanded rice production in 'S. and S.E. Asia, the 
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Cropping Systems program at IRRI has been focused on increasing cropping 
intensity through the development of short-duration rice varieties coupled with 
farming techniques that permit double cropping with rice or with rice and a 
secondary crop. National agricultural research programs within the network 
fine-tune the prospective technologies designed by IRRI to the specific 
circumstances of farmers in selected recommendation domains. At the same time, 
feedback from these national programs is used in setting priorities for 
component research at IRRI. 
- 
The major networking activity across the spectrum of different countries and 
diverse activities of centers and national programs is the Farming Systems 
Support Project and related projects of USAID. The centers' activities in 
networking in this field are usually more limited and naturally usually reflect 
mandate orientations (an exception is the Farming Systems Newsletter of the 
CIMMYT East Africa Economics Programme). 
Such support activities of the centers might, through diffusion among 
agencies in developing countries, in time, enable the challenges of large 
numbers of recommendation domains to be appropriately met. However, CIMMYT, 
ISNAR and others (e.g., Biggs and Heinemann 1985) have stressed the need for a 
flexible and pragmatic approach to the development of farming systems research 
capacity in national programs. Installing farming systems research in an 
institution organized along commodity or disciplinary lines, and with limited 
professional and other resources, presents obvious difficulties, perhaps 
requiring modification of the 'model' approaches developed at the centers. 
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Feedback to centers' research management. As noted above, centers directly 
engaging in farming systems research projects can channel information arising 
from these projects about needed further research into the research policy 
making process at the center. Component research priorities and programs can be 
influenced by farming systems research in representative domains where the 
mandate crops are grown. Such use of farming systems research has been 
h*ghlighted at various times by the programs at CIAT, ICRISAT and ILCA, for 
example. Similar feedback is possible, if more tenuous, when centers organize 
their participation in farming systems research through national programs. 
Overall assessment. Advocates of farming systems research are firm in their 
conviction that the approach works and works well. They point, for example, to 
more than ten years of work in E. Africa and to the substantial progress made 
there in countries such as Zambia, Malawi, Swaziland, Zimbabwe, Kenya and Sudan 
_ (the summary in Table 16.1 reflects these and other external influences). Yet 
there are still sceptics and agnostics who point to the diversity, even 
confusion, of the farming systems research activities at the centers and to the 
difficulties in effectively extending the approach to national programs. They 
note that such national programs are much less well endowed with resources than 
the centers, and are often organized in ways that are at variance with the 
farming systems approach. Some sceptics see farming systems research as bad 
science that diverts research resources from more important and potentially more 
useful fields of enquiry. The agnostics, on the other hand, argue that the main 
task lies ahead and that it is too early to judge whether the intuitively 
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Table 16.1 
Status of Farming Systems Research in E. and S. Africa 
Level of farming Institutionalization Training programs 
Country systems research of farming systems in farming 
activity research systems research 
Angola 
Botswana 
Burundi 
Ethiopia 
Kenya 
Nil 
4 projects 
1 project 
4 teams 
8 teams 
1 project 
3 teams 
Limited 
2 projects 
No 
In Process 
No 
Yes 
Yes 
No 
Collaborative 
No 
Yesa 
Yesb 
Lesotho 
Malawi 
No 
Yes 
Mozambique 
Rwanda 
No 
In process 
No 
In process 
In process 
In process 
No 
Yes 
No 
Yesb 
No 
Yesb 
No 
Yesb 
Yesb 
Yesb 
No 
Yesb 
Yesb 
Somalia 1 project 
Sudan 3 projects 
Swaziland 
Tanzania 
1 project 
4 teams 
Uganda 
Zambia 
Limited 
7 teams 
Zimbabwe 1 unit Yes 
a With help from CIMMYT and ILCA. 
b With guidance and help from CIMMYT. 
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appealing ideas of farming systems research can beimplemented on a near global 
scale. Certainly, the majority of the benefits from the approach, as it is more 
widely understood and adopted, lie in the future, making a comprehensive 
assessment at this time difficult. 
The balance of the argument seems to lie increasingly in favor of the 
farming systems research approach. It appears that, despite a few false 
leads, the centers have done a good job (with help from others) in developing 
methods of improving farming systems that work and are reasonably 
"transportable" to a range of countries and institutional settings. No doubt 
difficulties of implementation remain (as evidenced, indeed, at some of the 
centers themselves), and further adaptation and improvement of the approach will 
be needed. But the main challenge facing the centers now is not with 
methodology but with extending the approach to the great diversity of countries, 
environments, farming systems, and research institutions, and thus eventually to 
bring the benefits of the approach to the needy billions of citizens of rural 
societies of the late developing world. 
16.7 Coda 
* It is inconceivable that agricultural research can ever have been 
conducted without some appreciation of the farming system context to which it 
is related. However, only in the past decade has farming systems research 
gained significant formal recognition via sanctioned budget appropriations 
and designated program activities within research agencies. 
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* Being so new in its modern formal incarnation, its concepts, terms and 
methods are young and evolving. However, the general framework of methods 
for farming systems research is no longer a matter of contention. Farming 
systems research is holistic in outlook and is interdisciplinary in 
implementation. It involves an appreciation of the farm as a system of which 
the farmer and the farm household are integral parts. 
* Refinement of the operational details for successful practice remains the key 
challenge in farming systems research, even though much has been learned in 
the centers and elsewhere. Even more urgently, given the thus far limited 
measurable farm-level impacts of the activities, is the need for research 
workers in this field to demonstrate substantive on-farm achievements. 
* The greatest need and opportunity for a farming systems approach are in 
the development of improved technology for the masses of small-scale farmers 
in the developing countries. A feature of the approach is the opportunity 
(imperative opportunity some would say) of systematically learning from the 
farmers themselves and in this way assisting them to self-determine their own 
advancement. 
* Like almost every aspect of their programs of research work, farming systems 
research activities at the centers are diverse in style, purpose and even the 
language in which they are described. 
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* Farming systems research has strong implications for the organization and 
management of research. Procedures and mechanisms have to be developed that 
facilitate joint work without stunting individual initiative and effort. 
* Farming systems research is, to a greater or lesser degree, specific to 
locations. Constraints defining locational specificity are physical, 
biological, economic and social. Research decision makers must be sensitive 
to the tendency to concentrate resources on farm people already favored 
relative to those in less accessible areas. 
- 
* The focus of farming systems research on farming techniques may mean that 
opportunities to improve the productivity of other work, done by women, may 
be overlooked. A crop becomes food only after it has been cleaned, prepared 
and, in most cases, cooked. The returns to improvements in these activities, 
commonly undertaken by women, might exceed returns from efforts directed to 
improving crop yields. Relatively little attention is directed to minor crops 
and small animals but these are often the particular responsibility of women. 
- 
- * For a number of reasons, farming systems research in its methods and 
practices may have given insufficient attention to women's roles in 
agriculture and within family livelihood systems. The inclusion of more 
women among farming systems research staff and the provision of a greater 
number of training opportunities for women professionals would be helpful in 
remedying the situation. 
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* While farming systems research seems clearly suited to the mandates of 
national agricultural research programs, the capacities of national programs 
to conduct effective farming systems research often need reinforcing. 
National agricultural research agencies look to the centers for guidance and 
help in their farming systems research. The youth of most of their 
activities means that little farm-level impact can yet be observed. 
* The centers' activities in farming systems research should be directed to 
the refinement of research methods and to the more direct support of national 
programs, for example by providing technical assistance, training, 
prospective technologies, and farming systems research networks. Many of 
these activities are already being carried out at the centers. Much of the 
growing interest in farming systems research in Sub-Saharan Africa can be 
traced to the influence of the centers. 
* The centers have developed and refined methods for farming systems 
research through field experience. While there are many similarities in 
approach between the centers, there are also some differences. Continuing 
coordination among centers in their training work is needed. 
* Demonstration farming systems research programs that can be construed as 
demonstrations have been created at several centers, wherein the center is 
organized to work through and feature a multidisciplinary farming systems 
program, set up partly to show the way forward. 
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* The centers provide several examples of provision of support for national 
farming systems research programs. Such support activities of the centers 
might enable the challenges of large numbers of recommendation domains to be 
appropriately met. The experience of the Asian rice-based cropping systems 
research network, supported by IRRI, is encouraging in fostering systems 
thinking among collaborators. 
* A farming systems research program at a center can bring center research 
workers into direct contact with some of the client smali-scale farmers. A 
center-run farming systems research program also serves to channel feedback 
to the center’s research allocation decisions. 
7 Although full consensus has yet to be achieved, it seems that the farming 
systems research approach does provide a means of tackling in an effective 
way’ some of the problems of the needy people in the late developing 
countries. The outstanding challenge for the centers is to extend the 
approach to the great diversity of farming systems around the world through 
national agricultural research services that exist or remain to be created to 
serve these people. 
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17 AGRICULTURAL MECHANIZATION 
17.1 Introduction 
Although every effort has been made here to report on the full scope of 
the agricultural engineering and mechanization activities at the centers, 
there is a risk that some may have been overlocked, and there are undoubtedly 
‘scxne mechanization projects at centers not visited in this part of the study. 
Furthermore, manufacturers who have taken up or copied designs may not have 
informed the centers of their involvement. The impact of the agricultural 
engineers of the system is, therefore, almost certainly under-reported here 
and in general. 
This chapter has been prepared on the basis of information assembled by 
staff of Overseas Division of the National Institute of Agricultural 
Engineering (NIAE), Silsoe, U.K., coordinated by Robert Bell. A more complete 
report of the work is to be published by NIAE. 
17.2 Organization of Agricultural Engineering and the Centers 
At most centers having agricultural engineering activity, such reseamh 
has been within the farming system programs (see chanter 16) and is generally 
intended to reduce erosion, conserve soil moisture and reduce energy inputs. 
Equipment has been introduced or developed to overccme constraints to 
production. 
Most equipment development in industrial countries has been by the 
private sector. In many developing countries protection of designs by patent 
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is not effective, manufacturing capacity is limited, and the small-scale 
farming sector does not offer an attractive market. There may* therefore, be 
a case for government or external intervention in farm machinery development 
on “infant or orphan industry” grounds. 
A role of testing, validation and adaptation of engineering concepts and 
innovations, especially in collaboration with national institutes, seems 
readily justifiable. A role of invention and development of new machinery is 
more equivocal, and must balance needs for optimal use of resources and for 
production to be financially attractive to the farmer, against the problems of 
labor substitution and displacement discussed in chapter 8. The future of 
agricultural engineering work in the centers is thus an issue requiring on- 
‘going review and consideration by the Consultative Group and its TAC. 
Mechanical innovations of value in farming have often been developed by 
innovative farmers and blacksmiths, especially those with well-equipped 
workshops in what are now the industrial countries. The tradition will surely 
be continued in the developing world in informal advances in technological 
progress. While these are important they have not been able to be docunented 
in the following which is confined essentially to the work of the centers and 
some of their partner institutions. 
The emphasis of recent and current agricultural engineering at IRRI, 
IITA, ICRISAT, ICARDA, WARDA, CIMMYT, ILCA and CIAT is sketched below. 
Engineering is clearly not part of the mandates of four centers and, apart 
from work on storage and processing of potatoes, CIP has eschewed engineering 
activities and, accordingly, was not included in this survey. .’ 
- 
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IRRI is the only center having a formal agricultural engineering 
department, and the only one having an industrial extension program to promote 
the manufacture of equipment developed. The volume of work in agricultural 
engineering, and its impact, is much greater at IRRI than at any other center. 
The program is concerned primarily with rice mechanization for the small-scale 
farmer, and more recently, the development of equipment for rotational crops. 
It is led by an agricultural engineer and has a staff of three senior 
agricultural engineers, one senior econanist and a number of asscoiate and 
junior staff. 
Most centers have outreach activities by which they strengthen and 
collaborate with national organizations for research and development. 
Currently, only IRRI has agricultural engineers in outreach programs. IRRI 
has, or has had, major .programs of industrial extension in Egypt, the 
Philippines, Indonesia, Thailand and India (supported by USAID), and in 
Pakistan and Burma (supported by CIDA). IRRI has supplied equipment, 
drawings and specifications to national reseamh and extension organizations 
in many countries of Africa and several in Latin America. 
Equipment developed by IITA has been tried in several countries, and is 
being promoted alongside IRRI-designed equipment in the IRRI Industrial 
Extension Program. Both IITA and ICRISAT have supplied machines for trials 
and demonstrations to scientists of other disciplines, and there is good 
liaison between both centers and local implement companies using their 
designs. 
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17.3 Assessing the Impact of Agricultural Engineering Work 
17.3.1 Criteria for assessment 
The impact of the agricultural engineering component of the work of the 
centers may be partly assessed by considering the numbers of machines of types 
sponsored by them which have been manufactured and adopted by farmers. A less 
direct facet is the extent to which introduction of center-sponsored equipment 
has acted as a catalyst to stimulate local agencies or manufacturers to 
produce alternative equipment. There is evidence that this has occwred in 
Thailand and the Philippines. 
Of much greater importance, but much more difficult to quantify, is the 
extent to which the new technology has led to realization of better yields, 
increase in cropping intensity, or better use of water and other inputs. For 
rice exporting countries, reduction of the cost of production may be a key 
factor in determining further expansion of production. 
It must, however, be emphasized that not all of the agricultural 
engineering work of the centers is concerned with development of new 
identifiable machinery. A significant part of the work of IITA, for example, 
has been the investigation of the effect of different methods of forest 
clearing on subsequent erosion. 
It has been general policy of the centers that the designs of equipment 
developed should be made widely and freely available to small manufacturers in 
partner countries. In many cases, this has resulted in low-cost production 
and adequate local service facilities, both of which are of clear advantage to 
the farmer, but a possibly negative effect has been the discouragement of 
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larger manufacturers to produce higher quality equipment by modem production 
methods. In scme cases, farmers have been poorly served by supply of 
equipment of inadequate quality. 
It .is also necessary to consider the extent to which the work of the 
centers has stimulated or inhibited agricultural engineering research and 
development in the national research systems, and the extent to which the 
centers have been effective in adapting and transferring equipment and 
technology between countries. 
. 
- 
- 
17.3.2 Issues in adoption of mechanical innovations 
The typical chain of events leading to the adoption of new agricultural 
machinery or technology after the completion of the initial research at a 
center is as follows: 
(a) Evaluation and demonstration of the equipment or system in a partner 
country - preferably in collaboration with national research and/or 
extension organizations. 
(b) Modification of the equipment to suit-local farming needs. 
(c) Pilot production by local manufacturers , who may further modify the 
equipment to suit local preferences , and to suit their own manufacturing 
facilities. 
(d) Evaluation of locally manufactured prototypes. 
(e) Sales campaign by manufacturer, possibly supported’ by the extension 
service, possibly also supported by action of agricultural banks to 
provide credit to farmers for purchase of the,equipment. Often 
initial sales are made to contractors who serve a number of small 
farms. 
(f1 Progressive growth of sales,. if the equipment proves successful, by 
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providing adequate returns to the farmer, distributor and manufacturer. 
It is evident that the factors determining the rate of adoption of new 
equipment or systems are different from and possibly may be more complex than 
the factors determining the rate of acceptance of new cultivars OF fertilizer 
practices. For instance, it is particularly important in developing countries 
for collaboration between ministries of agriculture and ministries concerned 
with manufacture and distribution of equipment and with iwort of machines and 
materials. There is often conflict between protection for indigenms 
manufacturing industry, and freedcm of choice by farmers to buy equipment 
that, in the absence of protection and its distorting prices, would otherwise 
be judged as both appropriate and cost-reducing. 
Machines or systems developed at the centers can be freely adopted by 
farmers only when the necessary equipment is manufactured and marketed in 
significant quantities and when the farmer (or contractor serving the fanner) 
has the cash or credit with which to purchase the equipment. Even if 
equipment and finance are available, farmers will only adopt the technology if 
they are aware of the technology and if they are convinced that it will bring 
benefit to do so, taking into account the risk of failure and anticipated rate 
of return on investments. The rate of adoption may be affected positively by 
adverse weather conditions if the prospect of crop loss can be mitigated by 
use of machinery or may be affected negatively by low crop prices. 
Benefits to farmers generally arise from lower costs for a particular 
operation, but may also arise from the capacity to intensify land use and 
thereby produce more crops in a given time. In the usual case a machine 
replaces either manual or animal power, thereby saving the farmer the costs 
- 
- 
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associated with those inputs. Where the manual labor so saved is farm family 
- 
- 
supplied, the result is an increase in welfare for the family, but where the 
labor was previously hired, the farmer’s gain is offset by a loss of 
employment by hired laborers, often female. These and related equity 
consideration are explored ingreater detail in chapter 8. 
The manufacturer will produce the equipment in quantity only if 
convinced that a suitable market exists or can be developed, and if the 
investment in manufacture of agricultural machinery compares favorably with 
alternatives. Widespread adoption of the equipment may be seriously delayed 
if manufacture is of poor quality. Technical assistance to prospective 
manufacturers canr therefore, be a vital component in eventual success. 
The period between completion of the initial development of a machine by 
a center culminating in the issue of designs of prototypes for trials in 
national programs* and the widespread adoption of the technology, is unlikely 
to be less than five years even in the case of technology that merely changes 
one step in an existing crop production system. Where more drastic changes 
are required, the period is likely to be much greater. Thus the rate of 
adoption is determined not only by the degree of change required in order to 
produce tangible benefit but also by the resources deployed to promote the new 
technology, and the technical assistance available to manufacturers to produce 
the necessary equipment.. 
It is convenient to classify the developments according to sane 
adoption-related’aspects as follows: 
(a1 Technology that can be adopted by farmers without any serious change (at 
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least initially) in their farming systan, and without significant 
‘preparatory work, e.g. power threshing machines may replace manual 
threshing machines that may replace manual threshing without any change to 
other phases of the farming systems (but with perhaps great inpact on 
female hand threshers!) 
(b) Technology for which scme improvement in precision of farming practice may 
be required or for which several weeks of preparatory work may be 
required; e.g.s the IRRI-type rice transplanter needs a carefully prepared 
seed-bed, and plant stock must be raised in a special nursery. Action by 
the farmer may be required sane weeks before transplanting takes place. 
(c) Technology that involves a change of cropping system by an individual 
farmer e.g., rotary-injection-planter-no-till technique for planting 
through mulch, coupled with the control of weeds by herbicides, requires 
adoption of a more complete cropping system. 
(dj Technology that may be effective only if adopted by a number of farmers 
simultaneously; e.g., the ICRISAT broad-bed and furrow systen may, in sane 
cases* be effective only if a number of farmers adopt it in order to 
provide a unified water control system for a catchment area. 
17.4 Agricultural Engineering at IRRI 
IRRI is unique among the centers in that it has had for many years a 
strong and distinct Agricultural Engineering department staffed by engineers 
and economists. This department has sought to identify restraints to increase 
yield, cropping intensity and efficient use of inputs and to select those 
problems which might be amenable to solution by introduction of new mechanical 
technology or better application of existing technology. Equipment has been 
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developed at IRRI and trials and demonstrations conducted in farm situations 
in many countries. Courses have been provided for staff of national research 
systems, extension workers, and for staff of potential manufacturers. Of 
major importance has been the industrial extension program in S.E. Asia, 
strongly supported by USAID and ClDA. 
- 
Agricultural engineering started at IRRI in 1962. The main initial 
activities were the evaluation of imported tractors and machines, and study of 
the mechanization needs of rice farmers in the Philippines. In 1967, emphasis 
was changed towards design and development of machinery appropriate to small 
rice farms in Asia. A wide range of machines has been investigated. These 
include: lightweight hand tractors (power tiller), axial flow threshers, a 
rice transplanter, a power weeder, a stripper harvester for rice, an inclined 
plate seeder, a multicrop dryland seeder , a rice hull furnace for rice driers, 
an axial flow pump* a seed and fertilizer applicator, a reaper for hand 
tractor, and root-crop chipping machines. Of these, a few have achieved sane 
commercial successt the most noteworthy being the hand tractors, the 
threshers, and the power weeder. The declared purpose of the program was to 
develop equipment to fill the technology gap between animal or manual 
equipment, and the large mechanized equipment available from industrial 
countries. 
17.4.1 Power tiller 
The power tiller was the first major machine developed at IRRI and did 
not directly match the aims of the program since it tack a commercially 
available imported light power tiller and modified it to facilitate local 
manufacture in small workshops. The first models were released to 
manufacturers in the Philippines in 1972, and were rapidly adopted both by 
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some small companies, and by scme larger manufacturers using mass production 
methods. Local manufacture of the IRRI power tiller had a catalytic effect, 
and a number of manufacturers produced their own variants, sane simpler and 
sOme more complex than the IRRI design. Merge (1980) records that, in 1972, a 
total of 1400 power tillers were sold of which only 24 percent were locally 
manufactured. In 1978, 9300 power tillers were sold, of which 70 percent were 
locally manufactured. Manufacturers who agree to collaborate in the 
Philippine Ministry of Agriculture-IRRI Industrial Extension Program agree to 
submit prototypes for quality test by IRRI, to inform the Program of annual- 
production, and to refrain from patenting modifications of the equipment. 
Some manufacturers, therefore, do not formally acknowledge collaboration with 
IRRI . In 1975 and 1976, collaborators made more than 40 percent of the power 
tillers manufactured in the Philippines but, by ‘1978 this had fallen to 12 
percent. In 1981, collaborators made 1100 power tillers but, in 1982, when an 
improved version was introduced, collaborators produced 2300 units. It may be 
inferred that collaboration with IRRI is most highly valued during the initial 
years of introduction of a new machine. Thus the nLrmbers of IRRI-designed 
hand tractors produced 'and acknowledged in the Philippines represents only a 
small part of the total impact of the IRRI work, both in design of the 
equipment and in extension to manufacturers of the initial technology. 
After initial adoption in the Philippines, the IRRI power tiller was 
introduced in Thailand. Several manufacturers tack up the design with sane 
initial success but it was generally consider& not entirely suitable for the 
Thai condition% and alternative models were evolved by local manufacturers in 
Thailand. Some of these companies make both pedestrian controlled (hand 
tractor1 and ride-on (4Awheel tractor) versions of the same basic machine. 
Several of these manufacturers in interviews freely stated that the initial 
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growth of their companies, from village workshop to factories producing 
several hundred hand tractors each month, had been based on two years 
experience and profits earned in manufacturing the IRRI design, before 
developing their own hand tractor better suited for the local market. In 
1983, approximately 20,000 small tractors,7 to 16 hp, were manufactured in 
Thailand. 
- 
In Indonesia, the adoption of the IRRI-type hand tractor has been slow. 
In the period 1979-83, 2020 tractors were produced, but 1660 were produced by 
one company only and 160 by another company. It is believed that most, if not 
all, of this production was to supply government orders, and neither company 
has since produced IRRI-type machines. Some 60 percent of the hand tractors 
sold in Indonesia are of Japanese design, of which 15 percent are inported and 
45 percent made locally under license. The remaining 40 percent of hand 
tractors are of local trademark using engines imported from Thailand or Japan. 
Present production capacity exceeds market demand. National estimates of hand 
tractors necessary to meet agricultural production targets was 19,200 units 
for 1984. In fact, only 6400 were produced and it is reported that only about 
2400 of these were sold. It also appears that market demand is for a hand 
tractor with powered rotary cultivator (as is usual with the Japanese designed 
machines). Prototypes of the IRRI hand tractor adapted to operate a rotary 
cultivator are available but the cost of production might not be competitive. 
The relatively low cost and abundant supply of labor in Indonesia means that 
alternatives to power machines are still less costly. It therefore appears 
unlikely that the IRRI hand tractor or any other similar tractor will have 
significant impact in Indonesia in the near future. 
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In Bangladesh, a parastatal company, the Bangladesh Machine Tool 
Factory, manufactured approximately 200 hand tractors to IRRI design in 1982. 
Few machines were sold because quality of manufacture was not adequate, 
leading to unreliability and difficulty in operation, and because local 
preference is for a machine with a powered rotary cultivator. Subsequent work 
by an IRRI consultant solved the immediate problems,‘but production has not 
been resumed and the IRRI power tiller has so far made no i-act. There are 
reported to be several thousand imported power tillers in use in Bangladesh 
for tillage and transport. Import of power tillers has recently been banned, 
although there is reported to be a shortage of animal power for cultivation, 
and delay in cultivation usually results in reduced yields. 
In India, IRRI-type power tillers have been made by the National 
Engineering Co., Madras, for about five years. Production is believed to be 
2300 per year. A few IRRI hand tractors have been introduced to Tanzania, 
Sierre Leone, Nigeria, Liberia, Cameroon, and Belize. There is no record of 
commercial manufacture to IRRI designs in these countries. 
Although the design features of the chassis of the IRRI hand tractors 
have been accepted in many countries, it is notable that in nearly every 
country it was reported that the design of wheels is unsuitable for local 
conditions, and that redesign of wheels had been necessary. Typically, such 
redesign was carried out in an ad hoc manner. It is necessary to match wheel 
design to soil type and condition, but it should be possible to cater for most 
needs by provision of a few patterns for trial, as there has been substantial 
work on wheel design by centers other than IRRI. It appears unnecessary that 
wheels should have to be re-invented in every country! 
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There is no clear evidence that the development of the IRRI power tiller 
has significantly benefited large numbers of farmers. In several countries it 
has encouraged the growth of an indigenous agricultural machinery industry 
but, in each country, most production is by a few companies each capable of 
producing several hundred units per month and supplying them through local 
distributors. More sophisticated designs of hand tractor, either imported or 
made under license, account for a substantial share of the market in those 
countries where imports are allowed. It is,’ therefore, arguable that transfer 
of design and manufacturing technology could equally well have taken place if 
official support had been given to programs of manufacture under license of 
proven commercial designs in the various countries. There is, however, no 
doubt that the introduction of the IRRI power tiller did stimulate the 
development of‘local manufacture of agricultural machinery, and that, 
especially in Thailand, this industry has developed designs well suited to 
local conditions. 
17.4.2 Axial flow thresher 
The axial flow thresher was developed at IRRI in the period 1967-72 to 
meet a need identified by the farmers for a mobile, lightweight thresher, as 
an alternative to either very labor-intensive manual methods, or the capital 
intensive large “McCormickl’ threshers then used by contractors in the 
Philippines. The axial flow design has been outstandingly successful and has 
been widely adopted with more than 25,000 sold. It is well suited to 
manufacture in small workshops, since there are no parts requiring good . 
surface finish for oil seals, and few precise critical dimensions. The 
machine is especially attractive to contractors because, at harvest, the 
farmers have money or grain to pay for services. 
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In the Philippines, the use of the machine is made especially attrztive 
by the practice of charging for threshing and cleaning the grains as a ‘share 
of the crop. A similar practice applies in Sumatra where the machine has 
recently been introduced. Pay-back time for the purchase of the machine is 
therefore quite short. 
Where threshing and cleaning by manual methods is traditionally paid for 
at wage rates rather than as a share of the crop, the charge for machine 
threshing is usually at a comparable cash rate. Since it is practice for the 
farmer to feed the threshing team, and there is a substantial reduction in the 
time required, there is a resultant saving to the farmer of approximately 20 
percent of the threshing cost. The farmer (but not the traditional gleaners) 
may also benefit from the use of the thresher by a reduction in crop losses. 
This benefit has been estimated at 40 kg/ha based on farm ‘surveys by Toquero 
et al., and at 290 kg/ha at the IRRI experiment station. 
Most threshing in Sri Lanka is achieved by rolling the crop with a 
wheeled tractor on a threshing floor. In 1980, the IRRI thresher was 
introduced via the National Research Station at Maha Illuppallama and by 
participation of representatives of industrial companies participating in a 
manufacturers’ course at IRRI. Two manufacturing companies were interested in 
the machine, but neither considered it quite suitable for Sri Lankan 
varieties, and each company conducted trials over the next two years. 
In 1983, unseasonal rain made threshing by traditional methods difficult 
and subject to heavy losses. There was then a sudden demand for axial flow 
threshers to which the companies were able to respond. Approximately 800 
machines were sold in 1983/84. These machines were heavily used and threshed 
- 
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about one-third of the crop in the S.W. wet zone (where the wet conditions 
were most serious). Many of the operators also migrated with their machines 
to follow the slightly later harvest in the intermediate zone. 
There are no accurate records of the amount threshed, but reports 
indicate that average use was 30 ha per machine per season - says 120 
t/season. Since there were about 500 machines in use over the two critical 
seasons, it is likely that the machines threshed about 100 kt of rice, with a 
possible saving (under such adverse conditions) in excess of 10 kt. Without 
the advent of adverse conditions it is likely that the sales of threshers 
would have been much lower. It is believed that the use of these machines 
resulted in a significant saving of crop under very adverse conditions. 
The IRRI-type thresher and its local derivatives are used very widely in 
Thailand which has about 20,000 threshers. Many machines incorporate 
modifications to accommodate other crops. Many machines are now over four 
years old, and there.is now a demand for replacement or rebuilding of old 
machines as well as a continuing demand for new machines. In Indonesia with 
only’about 1000 threshers, the introduction of the axial flow thresher is 
having a significant impact in W. J.ava (about 600 threshers) and in areas such 
as W. Sumatra. Here it is meeting the immediate needs of the faner for.a 
more efficient method of threshing, is over-caning a serious seasonal labor 
shortage, and is stimulating the development of an indigenous agricultural 
machinery industry. A number of manufacturers produce machines both for sale 
and for use under contract hire. The IRRI designs were not entirely suitable 
for conditions in Pakistan, and a larger multi-crop thresher was developed 
under the IRRI-PAK program. Over 1000 of these machines have been sold, but 
many farmers consider it unsuitable for wheat since it does not shred the 
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straw to form bhusa for animal feed. The market is therefore dominated by 
alternative local machines which, while cruder and more extravagant in power 
consumption, do provide the straw in the condition required by the farmers. 
Direct data for the proportion of all threshing done by IRRI-type machines are 
not available but are estimated as about 23 percent in the Philippines and 17 
percent in Thailand. The thresher has not been adopted in Bangladesh where 
manual and animal methods dominate. 
17.4.3 Rotary power weeder 
This machine was developed at IRRI from the Japanese rotary push weeder. 
The IRRI-type machine was adopted in Japan and it is reported that, in the 
period 1975-84, 281,000 machines were produced. So far as is known, this 
machine-has not been adopted in any other rice growing country in Asia, 
.possibly because it can be utilized only if the crop is grwn in parallel 
rows. It may, therefore, yet be adopted in other countries when multi-row 
drilling or mechanical transplanting is adopted. 
17.4.4 Multi-row transplanter 
Work has been conducted at IRRI over many years to develop a 
satisfactory manually operated rice transplanter. It has been necessary to 
develop not only the machine but to establish a regime for the preparation of 
plant beds, production of nursery plants of standard size and in suitable 
medium, and water control. Earlier machines were very sensitive to variation 
in any of the planting conditions. More recent models are less sensitive. 
- 
The only area where the device has been successfully adopted is 
Libmanan, Camarines Sur, Philippines. Here an irrigators’ association bought 
a number of machines after successful demonstration at their site. Training 
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was provided for local manufacturers and machine operators, and in production 
of seedlings. The equipment has now been in use over two seasons and appears 
to be established, and demand is growing. 
In Burma approximately 1000 transplanters were ordered by the government 
for sale to farmers. Due to problems of quality control in manufacture, and 
difficulties in extension, the machines have not been accepted, and only a 
very few have been taken up by farmers. Two machinery companies in Sri Lanka 
- 
- 
have conducted trials over two years with modified versions of the 
transplanter. These companies plan to commence production if and when 
economic conditions are favorable. The transplanter is an example where the 
change of technology from existing practice is sufficiently great as to 
require substantial extension effort to introduce the new equipment. 
17.4.5 Axial flow pumps 
This is an example of technology transfer through IRRI. The design 
originated in Thailand where many thousands are in use, and has been extended 
by IRRI (with some improvements) to other countries, notably to Indonesia 
- 
- 
where, by the end of 1981, some 1600 units had been sold. Since these punps 
are made by many small manufacturers usually by copying other units, it is not 
possible to obtain reliable figures for current production, but these punps 
are becoming very common in swampy areas for moving large quantities of water 
over small vertical distance (i.e., low-head conditions). 
17.4.6 Rice driers 
Although there appears to be a strong technical case for the 
introduction of rice driers in order to reduce post-harvest losses of quantity 
and quality, the adoption of the IRRI design has been slow - possibly because 
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the benefits to the farmer are modest and so the return on capital invested in 
such dryers is small, and because the premiums and penalties relating to 
quality and moisture content are not clearly reflected in farm level prices. 
The size and capacity of .the driers , and uneveness of demand for their use, 
also dictates that they would be of interest mainly to large-scale farmers, 
farmer cooperatives, or to grain merchants. Suitable driers already exist to 
meet the needs of the larger scale farmers and of the grain merchants. The 
IRRI-type drier is therefore suited to the needs of only a small sector of the 
industry. The impact is small and is likely to remain so. 
- 
17.4.7 Fertilizer placement 
In the mid 197Os, equipment was produced to place granular fertilizer in 
the mud to prevent loss in irrigation water. Agronany trials over many years 
showed erratic response to fertilizer placed in this way. Detailed studies in 
1983/84 have shown that much of the fertilizer was not retained where it was 
placed. Improved equipment has now been developed. Potentially, it could 
result in substantial savings of fertilizer, but it is not yet clear that the 
financial benefit to the farmer is sufficient to encourage change. The 
information gained through this work may be ‘banked’ until a shift in energy 
and fertilizer prices makes added econany in fertilizer use attractive to the 
farmer. 
- 
17.4.8 Extension 
IRRI provides a strong source of agricultural engineering information 
for research stations in Asia. This has been complementary to, and in 
parallel with9 the work of the Regional Network for Agricultural Machinery 
which also has a headquarters office at Los Banos. The image of IRRI has, to 
some extent, overshadowed the extension activities’of the network, which was 
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established some 15 years after IRRI and is coordinated by United Nations- 
- 
related agencies. 
In Pakistan, the establishment of the IRRI-PAK agricultural machinery 
program led directly to the establishment of the Agricultural Machinery 
Research Programme of the Pakistan Agricultural Research Council, and to the 
foundation of the Pakistan Society of Agricultural Engineers. These two 
events have provided a sound basis for development of agricultural engineering 
in Pakistan. The impact in this case has been large. In other countries, 
where IRRI has had industrial extension or cooperative programs, the impact 
has been less. 
17.4.9 Gender issues 
Although a number of itans of equipment, such as the weeder, relate to 
tasks carried out typically by female labor, the agricultural engineering 
department of IRRI in the past has not investigated the impact of its 
equipment on female labor productivity, employment, or the allocation of tasks 
between men and women. For those tasks in which women typically predaninate 
in traditional agriculture, little attention has been paid to the potential 
for adapting equipment design to women’s physique. 
17.5 Agricultural Engineering at IITA 
The Agricultural Engineering Section works within the Farming Systens 
Programme of IITA. In the late 196Os, the section tackled a wide range of 
agricultural engineering problems; This led to a selection of a few 
activities that have been further developed to enhance farmer and manufacturer 
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acceptance. The most striking develoments have been related to minimum or 
zero tillage, and to crop harvesting. 
17.5.1 Minimum tillage cropping 
Techniques have involved the use of live and dead mulches, and alley or 
avenue cropping. In appropriate areas, the technical advantages of such 
systems for erosion control and maintenance or improvement of soil structure, 
fertility and moisture availability, have been shown to be high compared to 
conventional tillage practices. However, establishment of such systems ” 
requires a drastic change of farming practices as well as heavy investment, 
and adoption of the systems on farms has been limited and slow. 
To facilitate the use of mulches, it was necessary to introduce 
equipment able to plant through mulch. An early American design of ‘walking 
stick’ planter was formalized as an IITA hand-held jab planter, and further 
developed with an autanatic feed. Drawings of original iwroved versions were 
made freely available in 1976. This equipment could be used even with 
conventional primary tillage but there is no evidence that it has been widely 
adopted. This may be because farmers were not convinced of its advantages or 
perhaps because the necessary information has not been published in a form 
easily usable by extension workers and lead farmers. 
The 
by a VITA 
developed 
principal of the rolling injection planter (RIP) was brought to IITA 
volunteer (the late George Banbury) in 1977. The machine was 
and simplified by IITA engineers. It is demonstrably the simplest 
and most effective means of planting through mulch or surface trash. It is 
versatile, and can plant maize, i-ice, wheat, sorghum, and cowpeas. Designs 
and prototypes were made available in’l979, and have been widely distributed 
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in Africa and have been evaluated by IRRI for Asian conditions. There have 
been over 500 requests, including 65 in 1984, for plans of the planter. 
Samples or drawings have also been supplied to other international centers. 
The Technology Consultancy Centre of the University of Science and 
Technology Kumasi, Ghana, became interested in nstill injection planter and 
n-till technology in 1977. Realizing that prolonged and effective 
demonstration would be required for the technology to be accepted, it 
established a special farm for trials, demonstration and for training farmers 
in this system, and also published a handbock of the systen. 
There are conflicting reports of the number of RIP units.manufactured in 
Nigeria. Production by manufacturers is believed to be approximately 3500 
single-row units, and a further 1500 units may be incorporated in multi-row 
machines. There may be additional production by other manufacturers who have 
not advised the center of their activity. As a result of testing, the Kenya 
Ministry of Agriculture has sponsored the production of several thousand 
planters, many of which will be used with animal draught. 
Rate of adoption of the rolling injection planter has been constrained 
by inadequate quality of manufacture by sane companies. Feedback from users 
indicates a need to improve the seed-metering device, and to reduce the effort 
to push the machine. Successful operation in a n-till situation also 
requires control of weeds by herbicide, an aspect that does not appear to have 
been successfully passed on to users. 
Multi-row versions of the rolling injection planter have been produced 
including; two, three and four-row versions for hand operation, and three to 
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six-row version for use with animal or hand tractor operation. Prototypes of 
larger guaged units for use with four-wheeled tractors are being tried. The 
true success of the multi-row version is not known since nearly all were 
produced as a single order for 350 four-row machines for a government 
contract, and there have been no repeat orders. 
17.5.2 Harvesting machinery 
Harvesting of maize and cassava t and recent work on threshing of rice, 
constitute a second field of activity. Over the seasons of the late 197Os, 
trials were conducted on three proprietary, tractor operated, cassava lifters, 
and of one root-loosening device of CIAT design. The trials indicated that 
two of the proprietary implements were inherently unsand, that the third had 
some mechanical defects, and that the labor requirement of the CIAT device was 
high. The work was well conducted but did not lead to any specific resolution 
of problems identified. The impact of this exercise, if any, had been limited 
to discouraging the introduction of unsuitable equipment. 
A lightweight simple and low-cost aid to hand pulling of cassava was 
developed in 1978. One company made 300 units against a government order. 
The tool is seemingly being used on several large cassava farms in Nigeria. 
This appears to be a case where the tool is technically effective but where 
the farmer has not been convinced of the advantage over alternative methods. 
There has been scme transfer of information that has led to manufacture of 
similar devices in Thailand, but it has not been possible to ascertain to what 
extent the tool has been adopted there. 
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17.5.3 Land clearance 
Trials of alternative methods of mechanical land clearing have shown 
that clearing with a shear blade does far less damage to the soil than does 
clearing by root rake or root plough and that the cost of mechanical clearing 
is only about 25 percent of the cost of clearing by hand. This work is of 
major importance in view of increasing pressures to clear forest land for 
permanent cropping. The impact will be achieved when the information is 
accepted by planners and managers of land development programs and they adopt 
methods that best protect the soil. 
17.6 Agricultural Engineering at ICRISAT 
In the Farming Systems Programme of ICRISAT, work has been directed to 
evolving economic and sustainable farming systems which will conserve water 
and soil and require modest energy inputs. The Farm Power Equipment sub- 
programme has given priority to the development of equipment to facilitate the 
adoption by farmers of the broad bed and furrow systen (see chapter 7). This 
has involved work to improve and evaluate animal-drawn wheeled toolcarriers 
and an associated range of implements for cultivation, seeding, fertilizing 
and weeding. This associated equipment may be used with equal facility for 
traditional cultivations on the flat or on ridges. Other studies have been 
concerned with threshing, drying and storage of cereals. Projects to 
investigate machinery and cultivation systems as components of improved crop 
production packages for local agriculture, although well formulated, are not 
yet at a stage where meaningful results may appear. Wheeled toolcarriers of 
the types sponsored by ICRISAT are being tried in Niger and Mali and other 
countries of W. Africa and Latin America under bilateral technical assistance 
programs. 
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17.6.1 The animal drawn toolcarrier 
Initial work in 1974-75 was directed toward the evaluation and 
improvement of wheeled toolcarriers for cultivation on flat or ridged land. 
The subsequent evolution of the broad bed and furrow systen indicate a need 
for appropriate implements in order to make it practical and econanic. In 
collaboration with Jean Nolle (France) and the National Institute for 
Agricultural. Engineering (UK) improved toolcarriers and assaciatd iwlements 
were established from 1979 to the present. Trials on several soil types have 
indicated that the systan may be best suited to use on Vertisols, while on 
Alfisols cultivation on ridge or flat may give better yields. Extension of 
the system must be selective according to soil type, slope and rainfall 
pattern. A technical advantage of the systan is that contour bunds may be 
unnecessary in which case existing bunds could be removed to bring more land 
into cultivation. However, as with all systems requiring a drastic change to 
farming practice or infrastructure, the rate of adoption is slow and very ( 
dependent on the effectiveness of the extension service. The introduction of 
the system may be further complicated by the shape and distribution of farm 
parcels since, ideally, the system should be applied by all farmers within a 
minor catchment area. 
Recent trials at Hyderabad have shown that the system can be applied 
- even within bunded areas. A further constraint to the implementation of the 
system using the animal drawn toolcarrier is the capital cost involved in the 
purchase of the toolcarrier plus a full range of implements. There has been 
little study of alternative methods of building and working the system with 
cheaper implements to permit phased adoption of the components of the system. 
The wheeled toolcarrier is, in practice, used mainly for level or ridged land 
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cultivation or as a cart. Technical assistance from the UK, and financial 
assistance by government purchase or subsidy, has promoted manufacture of 
wheeled toolcarriers by several Indian companies. The total local production 
of wheeled toolcarriers of both types fostered by ICRISAT (“Tropiculturew and 
“Nikartl’), is of the order of 600 units. 
The impact of the wheeled toolcarrier has been small and its use for the 
broad bed and furrow system is likely to grow slowly. It is unlikely that the 
system can be introduced as a ‘package’ over any significant area in less than 
about ten years? but adoption would be facilitated if a phased application of 
the components of the system were possible. For those who have already 
acquired toolcarriers, the transition to the fuller systan requires little 
additional investment. 
17.7 Agricultural Engineering at Other Centers 
17.7.1 ICARDA 
A part-time 
harvester under a 
collaborated with 
mechanical engineer was engaged in development of a lentil 
German Technical Aid Programme 1983/r). In 1983, ICARDA 
the Syrian Ministry of Agriculture to offer training courses 
in mechanical harvesting of cereals and legumes, and mechanical planting of 
field crops. A survey and econanic analysis of food legume crops showed that 
there is need for better weed control and for mechanization of harvesting, 
(the present high cost of which is a major constraint to increased production 
of lentils), and that soil degradation is a major problem. Other 
mechanization works in hand include precision planting of chickpeas and faba 
beans and threshing of medics and dry faba beans. 
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17.7.2 WARDA 
Of WARDA’s research stations, only the Mangrove Swamp Rice Station at 
Rokupr in Sierra Leone could be visited. WARDA shares the site with the 
Rokupr Rice Research Station, the FAO WARDA Rice Mechanization Project and the 
Adaptive Crop Research and Extension Project. 
Trials over three years with Honda six hp hand trxtors have indicated 
that the use of rotary power tillers for puddling is power-consuning and slow.. 
Ploughing by hand tractor can provide good weed control and is econanic if 
undertaken at the right time. Only a very light machine can be used as it is 
necessary to transport the tractors in small boats. In collaboration with the 
Regional Integrated Agricultural Development Prcgramne, arrangements have been 
made for groups of farmers to share the use and costs of a tractor and plough. 
Several hundred farmers will be involved, but the impact is yet small and may 
be difficult to extend far from Rokupr. 
Agronomic trials have shown excellent crop response to,injection of 
urea* but the injection technique is laborious, and so far there has been 
little adoption. Actual response in farmers 1 fields and econcmic benefit is 
not yet confirmed. The system does, however, use equipment that may also be 
used for pest control, and could be readily adopted. Parallel work on 
fertilizer injection planters at IRRI may, if successful, overtake this work. 
17.7.3 CIMMYT 
There is no agricultural engineering research program at CIMMYI. The 
only machinery development has been the design and manufacture of a minirmm 
tillage seeder for maize and sorghum as an exercise in a training course for 
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Research Station Managers. CIMMYT has prepared for interested national 
organizations full details of the seeder. This information is presented in an 
exceptionally clear manner so that the machine may be easily reproduced and 
evaluated wherever its use appears appropriate. In 1983, details of the 
prototype were supplied to the Agricultural Engineering Department of INIA, 
Mexico. There .has yet been little feedback from national organizations, and 
there is yet no impact at farm level. 
17.7.4 ILCA 
Part of the work of ILCA is concerned with draught animals, including 
crossbred types, and their more efficient utilization. Studies on the 
matching of implements to pairs of animals, and alternative harnessing to 
permit use of single animals instead of pairs , are of too recent origin to 
have yet had any significant impact. Work. to improve the ancient plough and 
make it more suitable for single animal use is likely to be directly of use in . 
the local area. A national program has been initiatei in Ethiopia between 
ILCA and the government to promote the use of ox-drawn scoops for creating 
small-scale water-harvesting storages. The work grew out of ILCA’ s 
development work and recent successful on-farm testing of techniques to make 
efficient use of out-of-season draft power. 
17.7.5 CIAT 
Currently agricultural engineering work is limited to a pilot project 
for the chipping and drying of cassava by small scale units in the north of 
Colombia (see chapter 7). ’ 
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17.8 Coda 
l The proportion of CGIAR effort allocated to agricultural engineering has 
been low. 
* Except at IRRI, the engineering work has been as components of a Farming 
Systems Research Program. The impact of this work is necessarily lorg- 
term, and is difficult to quantify. The effect due to agricultural 
engineering research cannot be assessed separately from that of others in 
the multi-disciplinary team. 
* Some of the equipment development of the centers haa been very effective. 
Power tillers and axial flow threshers developed at 
adopted and the- rolling injection planter developed 
promise. 
IRRI have been widely 
at IITA shows great 
* In most of the developing countries, the national institutions and 
extension services concerned with agricultural engineering are weak. 
Technical information from the centers h& not always been presented in a 
suitable form and, in some cases, has been either poorly understocd or 
poorly applied. 
* Significant adoption of equipment designs produced by center engineers has 
been achieved only where it has been supported by a program of industrial 
extension. Most of this work has been assisted by other aid agencies. 
*. Even with strong assistance to industry, the lead time to introduce new 
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equipment is long: say, two years minim for equipment that may be 
introduced without change of farming systan , otherwise ten years may be 
more typical. 
- 
- 
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18 BIOLOGICAL NITROGEN FIXATION 
The material for this chapter was not in filial draft form at the time 
that this report was circulated to members of the Consultative Group. It is 
based on a report yet to be finalized by Dr Jake Halliday of the 
Battelle-Kettering Foundation (previously Director of the NIFTAL Project). 
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This chapter is as it was drafted for the consideration of the Advisory 
- 
- 
Committee in July 1985. There was insufficient time to undertake the 
suggested further work, including sensitivity analysis of the investment 
analysis of the selected pipeline innovations, as well as additional 
information provided by the centers. 
1 
19 FUTURE IMPACTS 
19.1 Introduction 
_ Investment in research has produced advances which have in the past 
clearly justified the use of the resources. This past experience is 
undoubtedly an important guide to the returns that might be expected from 
current and future investment in research. The increase in research 
expenditures by developing countries over the past decade surely 
reflects, in part, the historical record of high average rates of 
returns. The overall record, however, conceals considerable variation in 
the return to past investments, and is hardly replete with analyses of 
failures. As such it can only serve as a partial guide. 
Furthermore, it might be argued that future returns from investment 
in the centers cannot be expected to match those achieved in the past. 
In wheat and rice, from whence came the major early.achievements, it may 
be that each successive advance becomes more difficult in terms of 
research challenge and the diffusion slower and more costly. In 
addition, as the CGIAR system has grown, it has embraced other crops and 
focused greater attention on harsher ecological settings, raising 
questions about the future impact. Given the long lags in research, 
commitments have to be made today to fund research whose major impact may 
be 15 or 20 years hence. Careful consideration should thus be given to 
the magnitude and dispersion of the expected contributions. 
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The long-range planning reports of the centers contain at least 
implicit statements about expected returns. This chapter is an attempt 
to make some aspects of those plans more explicit and to illustrate the 
scope and magnitude of expected net benefits. Some will argue that such 
an exercise is so fraught with uncertainties that little of use can be 
said. It is true that a number of assumptions must be made. By its very 
nature, investment in research involves long lags: five to ten years may 
be needed to develop a new technology and a further 10 years may lapse 
before it is widely adopted and significant benefits are realized. But 
investment decisions must be made. and some indication of the likely 
payoffs provides, at the very least, a crude device for screening the 
more from the less promising. 
This chapter comprises two major sections. In the Eirst, some 
highlights of forthcoming technologies from some of the centers are 
presented. In the second part, a more detailed and formal analysis is 
undertaken of a few selected cases. The limitations of this exercise 
should be made explicit at the outset. 
(a) Primary reliance is placed on estimates of the gross value of 
additional production in the crop under consideration, although a crude 
attempt is made in the case studies to allow for any increased costs of 
other inputs . 
(b) Each case is treated separately and no allowance is made for the 
effect on production or consumption of other crops, given technical 
change in a particular crop. 
(c) In all cases bar one, no attempt is made to assess the future impacts 
that might be associated with different levels of funding, so that 
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conclusions cannot be drawn about whether maintaining the current level 
would imply over- or under-investment. 
(d) There is no attempt to consider the distributional consequences, 
except in so far as these are implicit in the choice of crops or the 
regions being addressed. 
(e) No allowance is made for any possible external effects from research 
on one crop in one region on other crops In other regions. 
(f) All countries are assumed to face given world market prices for all 
crops which are treated as tradeable goods, and the output changes of any 
country are assumed to be too small to influence the world price. The 
long-run evidence of declining real world prices stands in apparent 
contrast to this assumption. However, it is oE more significance Eor 
determining the distribution rather than the size of the benefits Erom 
technical change. 
(4) In some places, an attempt is made to rePlect the relative 
likelihoods of success but these should be taken only as crude indicators 
of the uncertainties involved. 
(h) The list of centers and commodities is incomplete, so that those 
presented reflect a selection biased toward the more likely and 
substantial successes. 
19.2 Developments Forthcoming from the Centers 
19.2.1 Future impacts of research at TRRI 
The magnitude and distribution of the future impact of IRRI’s 
research reelects the allocation of its research resources. This 
allocation is determined by four considerations: 
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(a) The expected return to research in difference rice cultures (an 
eEficiency objective); 
(b) The distribution of the impact (an equity objective); 
(c) The comparative advantages of IRRI and national programs in the 
conduct oE research on the rice plant, its production and utilization: 
(d) The contribution to global rice research through seeds, methods and 
literature. 
IRRI’s future impact will come through two channels: collaboration 
with national programs, and a research focus which results in increases 
in rice yields and reduced production costs. Future collaboration with 
national programs will center on aligning IRRI’s work to the needs oE 
national programs, through joint research and the exchange of germplasm 
and information, and through training and ,workshops. 
Through the continued improvement of rice varieties with high and 
stable yields which have multiple resistance to insects and diseases, and 
through the increased use of short-duration varieties to intensify rice 
production, IRRI through its collaboration with national programs expects 
to contribute additional rice in S. and S.E. Asia worth $16-17 billion 
per year by 2000. This is assuming that an investment in IRRI of $25m 
per year is sustained together with that of national programs. Nearly 60 
percent of that gross value of extra output would come from the 
irrigation sector. The results, summarized in Appendix Table 19.1 are 
clearly conservative estimates of expected contributions, as China, E. 
Asia, Africa and Latin America have not been included. In 1983, China 
sowed 6.75 million ha of hybrid rices developed by the Chinese using 
- 
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restorer lines from IRRI. The hybrids increased output by at least 10 
percent, or a total 4.3 Mt of extra rice. Valuing this output at $100/t 
gives a value of extra production of over $400m in that year, although 
the majority of this must be attributed to Chinese efforts. 
Through a combination of input-efficient rice varieties, improved 
crop husbandry practices, integrated pest management and soil and water 
cant rols , high yields will be sustained and unit production costs will be 
- 
reduced. The savings from improved fertilizer and insecticide efficiency 
on rice in S. and S.E. Asia alone are expected to exceed $1 billion per 
year by the year 2000 (Appendix Table 19.2). 
19.2.2 Future impact of research at ICRISAT 
ICRISAT has bred varieties of pearl millet with high levels of 
resistance to downy mildew and ergot disease, and which also yield 20 
percent more fodder. The variety WC-C75 has the potential to replace 
lower yielding varieties on about 3 million ha of land sown to pearl 
millet in India (about 25 percent of India’s area sown to this crop. It 
seems certain that this variety would yield 70 kg/ha more, producing 
about 0.2 Mt worth over $20m a year. 
Current damage from pod borer (Heliothis armiqera) in pigeonpea and 
chickpea is estimated at $300m a year. The development of resistant 
strains could reduce this loss appreciably. If resistant strains could 
halve the current loss from sterility mosaic in pigeonpea, Indian output 
could rise by 8 percent with a resulting gain of $55m a year. 
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Varieties of groundnut resistant to leaf spot and rust are undergoing 
testing. If they were to be sown on 20 percent of the Indian groundnut 
area in‘the rainy season and lead to a 25 percent gain in yield, total 
returns would exceed $50m per year. 
If varieties of sorghum resistant to mold could reduce the mold level 
by one half, the value of the crop could rise by 3.4 percent or $4.5m a 
year. 
Cultivating 5 million ha of deep black soils in India during the 
rainy season could raise national income by $800m a year. 
An analysis was based on the expected yield increases Ear five crops 
principally in India. These estimates reflect the collective judgment of 
ICRISAT staff and refer to the increase in farm yields by the year 2000 
given the current level of research funding. The estimates of the gross 
value of additional output are based on 1980 areas. The implied annual 
rates of growth of yields are 3.2 percent for sorghum (3.1 percent in 
technologies is summarized in Table 19.2. Where estimates of yields are 
Africa) 3.5 percent of pearl millet, 2.6 percent for pigeonpea, 3.9 
percent Ear chickpea and 4.1 percent for groundnuts. The gross value of 
additional output in 2000 is estimated to be $7.6 billion (Table 19 .l). 
An additional estimate was made based on the farm yields which would 
be expected were the current level of research funding to be doubled. In 
this case the gross value OP additional output rises to $12.4 billion by 
2000. Would’this additional investment be worthwhile? To answer this 
, 
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Table 19.1 Estimate of the future impact of research at 
ICRISAT on the gross value of output 
Expected yield in 2000 Gross value of additional 
Crop 
With With output in ZOCO 
1980 current twice as Current Twice 
Reg ion Area Yield Price research much research research as much 
milKon ha t/ha s/t t/ha t/ha $ billion 
Sorghum India 16 0.8 150 1.5 2.0 1.7 2.9 
Africa 15 0.6 150 I.1 1.5 I.1 2.0 
Pearl millet India I2 0.5 150 1.0 I.3 0.9 1.4 
Pigeonpea India 3 0.9 250 I.5 I.6 0.5 0.7 
Ch i ckpea India 7 0.7 250 1.5 1.9 1.4 2. I 
Groundnut India -8 0.8 250 I .8 2.4 2.0 3.2 
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the return was calculated assuming the additional annual research costs 
were $20m; no results were forthcoming for 20 years: of the extra output 
of $12.4 billion, 75 percent would be due to extra inputs and only 20 
percent attributable to ICRISAT’s efforts. Under these conditions the 
annual rate of return to the additional funding would be over 20 percent. 
19.2.3 Future impact of research at CIP 
CIP expects its major future impacts will come from its collaborative 
networks with national programs, its training and information programs, 
its use of research contracts for basic studies, improved research 
methods, integrated pest management, rapid multiplication, the use of 
true potato seed and improved post-harvest storage and processing. It is 
important to stress that many of these activities are not aimed solely at 
increasing potato yields. This underlies the importance of broadening 
the view of the contribution of the centres in their collaborative 
programs. not limiting an evaluation solely to the additional area of 
high yielding varieties. The possible contribution of some selected 
. shown, they refer only to limited seasons and areas .of potato production 
where the particular constraint is relevant: nor are they additive. 
19.2.4 Future impact of research at CIAT 
Rice Proqram. Vast areas of infertfle soils of Latin America remain 
underdeveloped. While they have excellent physical traits and many areas 
receive adequate rainfall, they are high1.y acidic. CIAT is seeking to’ 
develop an upland rice production system which would use low levels of 
CH19 FUTURE:SA2 5/13/85 
inputs and achieve moderate yields (2.5 to 3.0 t/ha) for two rice crops, 
prior to pasture establishment. Screening hundreds of cultivars from 
W. Africa and Brazil has identified some which are acid tolerant and have 
resistance to fungal diseases. By combining suitable cultivars with 
appropriate agronomic practices the Rice Program expects to have a rice 
production system for these areas within five years. 
A major future impact in rice breeding will come from the use of 
anther culture for the regeneration of plants from the pollen of 
hybrids. The technique will reduce the time needed in breeding new 
varieties by three to six years and save research resources. The 
technique is being used to screen for acid and cold tolerance. Future 
research will involve introducing selection agents into the culture 
medium to ‘effect in vitro selection. 
Bean Pro&am. Major emphasis to date has been placed on developing a 
collaberative research network both in Latin America and Africa to 
generate improved germplasm. Preliminary studies show that, in many 
countries (among them Argentina, Costa Rica, Cuba and Guatemala), 
widespread adoption is already occurring at the farm level of new lines 
characterized by resistance and improved architecture. The resistance is 
to bean common mosaic virus and anthracrose. These new lines have come 
both from CIAT’s breeding program as well as the horizontal transfer 
effected by CIAT of existing germplasm between national programs. It is 
through these improvements that the major impact will come in the short 
term. Within two years, for example, materials with resistance to 
bacterial blight and capable of an average yield increase of 10 percent 
. 
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Table19,2 Future impact of selected technologies in potatoes 
- 
Technology Notes 
Probability Potential 
5 = expanding use yield 
4 = highly likely Increase 
3 = reasonab I e (where 
chance relevant) 
2 = soma chance percent 
Rapid 
multiplication 
Improved 
germplasm 
True potato seed 
Biological 
contra I 
Viral infection 
Use of stem, node, sprout and leaf bud 
setting to accelerate multiplication 
of seed in national programs 
Bacterial Wilt resistance 
Late Blight resistance 
(major worldwide disease) 
Heat tolerance 
Leaf Roll Virus resistance 
Offers major advantages of use of seed 
tubers for areas with abundant labor 
and scarce land. Can reduce costs of 
production substantially 
Tuber Roth with pherunone 
Nematode with a fungus 
Detection and elimination material 
infected with Potato Spindle Tuber 
Viroid 
5 n.a. 
5 
4 
5-40 
I O-50 
30 
I O-50 
‘- 
20 in field 
50 in storage - 
I5 
20 
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will be available for 700,000 ha of Latin America. The future spread of 
varieties resistant to bean golden mosaic virus should raise yields by 
more than 50 percent in much of Central America. 
Considerable advances have already been made-in developing new lines 
with multiple disease resistance to raise yields while lowering 
instability and risk. Within the next few years, it is also expected 
that new lines with improved drought resistance, nitrogen fixing 
capacity, low fertility tolerance, and earliness will be released. 
Horeover , taking advantage of progress already achieved in Latin America, 
it should be possible quickly to identify superior germplasm for Africa. 
Research progress on mote difficult problems, such as resistance to 
common bacterial blight and s.torage insects has progressed to such extent 
that, in the near future, lines from these research efforts will reach 
the farm, thereby reducing losses from problems that are otherwise 
extremely difficult to control. 
A summary of future developments for beans is given in Appendix Table 
19.3 
Cassava Proqram. Future impact of research by the cassava program 
will be related to the three main areas of work: improved germplasm. 
cultural practices and utilization. Improved selections with yield 
increases of up to 50 percent shou’ld be released in Thailand, for 
.example, within two to three years, and this work has a very high chance 
of success. Gross value of added production would exceed $30m a year 
even at a conservative estimate of a 10 percent increase in output. 
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Biological control of cassava pests has a enormous potential payoff for 
both Africa and parts of Latin America, and CIAT expects further adoption 
to prevent substantial losses. 
Fungicide treatment of fresh cassava to prevent post-harvest 
deterioration could expand market demand and reduce distribution costs. 
In Latin America alone, expanding the use of the technique developed by 
CIAT is expected to generate total benefits of up to $200m a year within 
the next five years. Economic analyses of the expected return to such 
research have shown that this compares favorably to the beneEits that can 
be expected Erom production technology. 
Fanally, prospects appear excellent for the continuing growth of 
small-scale processing plants for livestock feed production, especially 
in Colombia and potentially in Mexico. Analysis of the expected 
proEitability of cassava production for drying, shows that returns per 
hectare would exceed those in cattle (the next best alternative) by over 
$200, even at current yields. 
A summary of future developments is given in Appendix Table 20.4. 
Tropical Pasture Proqram. The central contribution of the program 
will come through expanding the forage germplasm base for the acid 
lowlands of tropical.America (the details are given in Appendix Table 
19.5). The key Eocus of the research will be the development of 
legume-grass pastures based on germplasm adapted to very acidic and poor 
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soils, resistant or tolerant to,major pests and diseases, and of higher 
productivity and persistence. 
This is being achieved through the development and use of a large 
germplasm collection which is the base for the screening process 
undertaken jointly by CIAT and national programs. Given the size and 
heterogeneity of the land resources involved, a decentralized screening 
strategy is being followed throughout the tropical lowlands. On the 
other hand, more broadly applicable research on agronomy, animal 
productivity, establishment techniques etc. . is mainly undertaken at two 
major screening sites in Colombia and Brazil (chapter 13). 
The impact of the program is expected to be gradual due to the very 
nature of cattle production, but very extensive in terms of area. 
Tropical America comprises about 300 million ha of savannas and about 600 
million ha of humid forests. The nature of the impact will be very 
variable ranging from increases in beef output of fattening farms to 
increased reproductive efficiency in cow-calf operations. In’several 
regions, important increases in milk output are expected from small 
dual-purpose beef-milk operations. In regions with marked seasonality of 
forage and large seasonal price differential for beeE, legume grass 
associations are expected gradually to reduce these. While the major 
impact is expected initially in savanna ecosystems, after a longer time 
lag, a contribution is expected with respect to more economic and 
ecologically stable production systems for the humid tropics. Further 
details are given in Appendix Table 19.6. 
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Adoption of improved pasture species is expected to expand from 
present levels of about 70,000 ha in Brazil and 17,000 ha in Colombia (as 
well as minor areas in Peru, Panama and Venezuela) as more legumes are 
released and made available to farmers. These will enable them to reap 
the full benefit of released grass materials. 
Improving the eeficiency of cow-calf operations is the most 
challenging research area due to the harsh economic setting; i.e., long 
production cycle, poorest soils, largest distance to input and output 
markets. On the other hand, the low efficiency of existing cow-calf 
- 
- 
systems is the main bottleneck for the development of these understocked 
regions. After five years of grazing, on-farm trials evaluating the use 
of small areas of improved pastures for cow-calf operations have shown 
that with as little as five percent of the area in improved pasture, 
stocking and calving rates, and weaning weights have been substantially 
improved. The annual rate of return to the investment in improved 
pasture range exceeded 30 percent, although it depended especially on 
assumptions about its long-term persistence. 
The growth of population and income ensure a continued increase in 
the demand for livestock products. With the concomitant upward pressure 
on prices, there will exist a derived demand for technical change. The 
research and adoption phases are likely to be long but given the growing 
demand and vast areas of land, exceeding 100 million ha in Latin America, 
the payoEf to,investment in tropical pasture research should be 
comparable to, or even exceed. that of crop research. If the enhanced 
animal nutrition stemming from improved pastures were to result in 
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improved calving rates of 15 percent within 25 years over 60 percent of 
the breeding cattle, the investment in tropical pasture research would 
have a benefit to cost ratio of 15:l. 
19.2.5 Future impact of research at CiMMYT 
Wheat Program. In the short run, the major future impacts of wheat 
research are expected to be .in the availability of cultivars tolerant to 
aluminum concentrations and resistant to Septoria. Yield gains of 
150-200 kg/ha over lo-15 million ha are expected in Brazil and parts of 
Africa. In the next three to five years, heat tolerant cultivars should 
increase yields in years of high heat by 15-20 percent, and extend the 
areas suitable to wheat production. 
In the longer term, improved resistance to Helminthosporium spp. 
should stabilize yield on 10 million ha of tropical and humid areas. All 
these efforts should enhance yield dependability through resistance and 
tolerance to weather and soil stress. A summary is given in Appendix 
Table 19.7. 
- 
Maize Program. Future impact will come from the expanded gene pools 
available to national programs, with emphasis on materials widely adapted 
to their needs defined by attitude, latitude, maturity and grain type. 
In particular, special attention will be given to problems in certain 
regions; streak virus in tropical Africa where, within five years. new 
materials should offer the potential for yield gains of up to 10 percent 
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on lo-15 percent of the area. Further details are given in Appendix 
Table 19..8. 
19.2.6 Future impact of research at ILRAD 
ILRAD is devoted to research on two diseases (East coast fever and 
trypanosomiases) which limit animal production in Africa. As many as 
three million animals die each year Erom these diseases which also reduce 
the productivity of surviving animals and preclude ruminants from an area 
of 10 ‘million km2. Control of these diseases would allow an additional 
120 million animals to be carried. 
The objective is to develop vaccines against these diseases. The 
pioneering nature of this work results in the need for a number of basic 
scientific studies. These have already resulted in improved 
understanding of the epidemiological and immunological aspects of the 
transmission and host reactions to the diseases. The advances that have 
been made to date represent an expanded stock oE scientific knowledge on 
which future solutions can be built. 
The trypanosomes constitute a complex challenge because of the 
antigenic variation of the parasite. Production of antibodies by the 
ho&t induces the invading trypanosome to modify its surface structure 
neutralizing the effect of the antibodies. Over one hundred different 
surEace variations have been recorded. This aspect signif icant ly 
complicates the development of a vaccine, and justifies attention to 
other potential solutions. Of particular.note are the studies of 
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trypanotolerance in different breeds and environments being undertaken 
jointly with ILCA. 
It is expected that, within five to seven years, an improved method 
oE vaccination against East coast Fever should be available. Such a 
vaccine created on the basis of sporozoiteg injected without further 
treatment would introduce immunity to a wide number of strains. A 
vaccine fabricated from antigens that cause the immune response and that 
are produced by infected ceils (macroshizosites) can be envisaged in the 
longer run, perhaps some 10 to 12 years ahead. Finally, a vaccine that 
prevented the tick attacking and infecting the host would be ideal as it 
would provide protection against all inEections carried by this vector. 
While some promising results are emerging Eroin the joint eEforts oE ILRAD 
and ICIPL, antigens have yet to be produced. 
An important indirect potential impact lies in the control of both 
other species of: theilerioses and other tick-borne diseases. 
Because oE the problem of antigenic surface variation, the 
probability of successfully developing a vaccine for the trypanosomiases 
must be viewed as significantly lower. For this reason, the advances are 
likely to be more modest and occur over an extended period. Within ten 
years, it should be possible to identify a genetic marker in 
trypanotolerant animals and progressively transEer that on a broad 
scale. Improved understanding of the African animal trypanosomiases 
transmitted by the tsetse Ely will aid in all control of other 
trypanosomiases not so transmitted, as well as provide additional 
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knowledge for the control df human trypanosomiases. Contributions to 
parasitic immunology and enhanced knowledge of bovine immunological 
systems are potentially important products of the research. 
Research on control methods other than vaccines requires widespread 
field and laboratory studies Eor which the techniques are generally 
known. In order Ear these to proceed effectively, ILRAD must have a 
network of trained collaborators working with adequate facilities in 
cooperating national programs. Efforts to develop a vaccine will not be 
allowed to drain attention and funding from the needs of national 
programs for training, inEormation and research support. 
19 .2.7 Future impact of research at IITA 
Maize. The future impact of the IITA/CIMMYT Africa Maize’ Program is 
expected to come from large-scale adoption in Africa of improved open 
pollinated varieties, and hybrids. 
- 
Maize populations with combined resistance to maize streak virus and 
downy mildew are being improved and. by the early 199Os, should be grown 
extensively in countries where these two diseases co-exist, including 
Burundi, Mozambique, Nigeria, Somalia, Sudan; Uganda, Zaire and Zambia. 
Populations resistant to stem borers (Sesamia, Eldana. and Busseola) 
and drought tolerant varieties will be available by the early 1990s. 
Resistance to the parasitic weed Striqa has been observed in a few 
promising hybrids and will have been incorporated into some elite 
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populations by the early 1990s. Research in mid-altitude ecologies, 
which account Ear 40 percent of African maize production, is being 
strengthened through the establishment of a joint IITA/CIMMYT 
mid-altitude station in S.E. Africa. 
The initial results of the IITA hybrid maize research have led to the 
Eormation oE two commercial hybrid seed companies in Nigeria. Future 
impact of the hybrid maize work will include the stimulation of a strong 
seed industry, the’promotion of livestock development and the attainment 
of maize self-sufficiency in Nigeria and some other African countries 
within a decade. 
The upshot of the expected achievements outlined above is expected to 
be a boost in average yields of maize to at least 3 t/ha in the next 
decade. This would represent an annual increase in production of about 
28 Mt worth $4’billion gross at current prices. 
Rice. Rice varieties and lines developed or selected by IITA are 
being grown on about one million ha in the Cameron, Ghana, Liberia, 
Nigeria, Peru, Sierra Leone, Tanzania and Zambia. Further .adoption is 
expected during the next five years. Elite lines including ITA 212, ITA 
235, and ITA 257 which are high-yielding and have durable resistance to 
the rice blast are being tested in 15 countries. Breeding for stable 
high yields, resistance to major diseases, insect pests, soil stresses, 
low temperature and acceptable grain quality is being intensified. 
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The new International Rice Testing Program for Africa unifies and 
rationalizes the African testing programs of IITA, IRRI, IRAT and WARDA 
and should accelerate the development and adoption of Improved 
varieties. Moreover, research being conducted by IITA’s Farming Systems 
Program on the management of wetlands will make more suitable 
rice-growing land available. This development coupled with the testing 
.program and further adoption of varieties already released should provide 
a basis for Africa to become self-suEficient by the year 2000. 
I Cassava. Cassava’clones developed at IITA or based on IITA material 
are currently grown on about 1.5 million ha in twelve African countries. 
With the development of the tissue culture technique and as links with 
national programs are strengthened through training and collaborative 
research, these clones should spread to 5 million ha by the early 1990s. 
This would generate additional annual gross income of about $9 billion to 
African Earmers every year at current prices. 
Future impact will also come from wide crossing which could increase - 
cassava yields by 25 percent. The substitution of cassava flour Por some - 
imported wheat Plour could occur over the next decade. Considerable 
variability exists among cassava clones in their suitability for bread 
making. Some nutritional impacts may result from work on breeding 
cassava clones with yellow flesh providing higher carotene content than 
present clones. 
Initial results from the two-pronged attack on the mealybug and green 
spider mite have been promising. Clones resistant to these pests have 
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been identified,and are being incorporated into high yielding and disease 
resistant clones and populations. Natural enemies of the mealybug and 
green spider mite have been introduced from Latin America in 
collaboration with CIAT, reared and released experimentally in various 
countries. These releases will be carried out throughout the cassava 
growing areas of Africa. Effective control oE these two pests, which 
cause severe damage, may be achieved within the next five years. 
Sweet Potato. Sweet potato clones developed at IITA or selected Erom 
IITA germplasm are being grown widely in twelve countries. The higher 
yields oE improved clones have resulted in their introduction in S.W. 
Nigeria. Such introductions can be expected to spread. 
Future. impact will come Erom the incorporation into elite clones oE 
resistance to the sweet potato weevil, the crop’s most damaging pest. In 
addition, sources oE resistance to the sweet potato virus have been 
identified and the genes are being introduced into elite clones. 
Combined resistance to weevils and the virus complex, coupled with the 
rapidly increasing spread of the improved clones could boost average 
yields from their current level of 6.5 t/ha in Africa to 15 t/ha on about 
1 million ha by the mid 1990s. 
yams. Traditionally, about 2.5 t/ha of seed yams are required Eor 
planting. This represents 20-30 percent of the total harvest and 
constitutes one third oE the total cost of yam production. The minise t t 
and microsett systems of seed yam production require only 0.5 and 
0.1 t/ha, respectively, for planting. Seed yam yields of up to 40 t/ha 
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can be obtained in Eive months and net proEit to the seed yam grower at 
current prices is estimated at over $lO,OOO/ha. The technology is being 
rapidly adopted in Nigeria where a seed yam growers’ association was 
Eormed in October 1984. 
Yam area has hitherto been limited by the scarcity and cost of 
planting materials. The minisett and microsett systems will remove this 
constraint. As a result, the area grown to yams could increase by as 
much as 50 percent Erom the current 2.5 million ha worldwide by the mid 
1990s. Average yields will increase by about 30 percent because of 
widespread use oE good quality planting materials made possible by this 
new seed yam multiplication technique. 
Additional sources of future impact are expected to include the 
development of stakeless ware yams, the breeding of resistance to 
nematodes which provide inroads for the organisms which cause yam rots in 
storage, and the development of yam cultivars with uniEormly shaped 
tubers amenable to mechanical harvesting. 
CowPea. IITA has developed many cowpea varieties with multiple 
disease and insect resistance and extra-early maturity. They have been 
released in 31 countries in Africa, Latin America, Asia and the 
Caribbean. The Grain Legume Improvement Program is currently 
strengthening its linkages with national cowpea programs worldwide 
through placing staff in various countries: through training at IITA as 
well as at outreach locations; through visiting scientist appointments, 
and through workshops and conferences. The resulting ePfect of these 
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activities is expected to be the strengthening oE national cowpea 
programs and an increased Elow oE improved varieties Erom IITA. 
Extra-early maturing cowpeas (60-65 days) are being introduced into 
rice fallows of Asia, where the residual moisture of rice paddies is 
enough Ear a crop of 60-day cowpea varieties utilizing land on which no 
food crop is normally grown. These varieties have also been grown as a 
relay crop with rice. They provide additional farm income and add about 
30 kg/ha of nitrogen into the soil for the next rice crop. By the mid 
199Os, cowpeas Erom rice-based Earming systems could amount to several 
million tons annually. 
The extra-early (60-65 days) and early maturing (75 days) cowpeas, by 
virtue of their earliness also tend.to escape drought and perform better 
than traditional varieties when intercropped with cereals. These new 
varieties are thereEore expected rapidly to replace other varieties or 
crops currently used by farmers in mixed cropping systems. 
The development of bush-type vegetable cowpeas which obviate the need 
Ear trellising is another source of major future impact. Lines which 
yield about 18 t/ha of green pods have been developed. The production oE 
vegetable cowpeas has declined in recent years in many countries because 
of the excessive labor requirements. Bush-type varieties should reverse 
this trend. 
Soybeans. Two major problems have in the past bedeviled soybean 
production in tropical Africa. Introduced temperate varieties have poor 
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seed vigor and lose viability 3 to 6 months after harvest. These 
varieties, moreover, require special strains of rhizobia which are not 
present in tropical soils. New high yielding soybean lines with superior 
seed longevity and which nodulate freely with indigenous rhizobia have 
been developed. Together-with the release of varieties adapted to high 
elevations and to acid soils, soybeans could be growing on 2 million ha 
in Africa, as compared to the present 400,000 ha, at average yields up to 
three times the current level, by the year 2000. 
- 
To facilitate these developments, appropriate post-harvest 
technologies must be developed and utilization promoted. IITA has 
already taken initial actions to promote small-scale and cooperative Earm 
level processing and home utilization. 
Plantains and cookins bananas. Future impact in plantains and 
cooking bananas will come from the newly developed tissue culture 
techniques for rapid multiplication of Mm species, the recent 
identification oE two hormones for breaking dormancy in plantain buds, 
and techniques Ear intercropping mulch plants in plantain plantations. 
The tissue culture techniques will facilitate the developing and 
establishing plantations at lower cost. It will also provide a mechanism 
Ear distributing improved clones as well as clones resistant to diseases, 
such as the Black Sigatoka disease, a current threat in U. Africa, 
- 
The use of growth hormones would extend the production life of 
plantain plantations and increase their productivity. These growth 
hormones can also be used to increase the production of suckers for the 
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establishment of new plantations. The use of in-situ mulch is practical 
and has great potential to arrest the fast decline in productivity of 
plantain and banana plants. 
Fanninq Svs t ems. The generation of new scientific knowledge about 
soil management and conservation, as well as productive alternatives to 
the prevailing system of shifting cultivation has been an important step 
toward long-term sustainable tropical agricultural development. The 
technique of no-till and mulch farming Eor low-activity clays has been 
adopted in Nigeria, Thailand, Sri Lanka, Tanzania, N.E. Brazil and in 
Australia. The adoption and spread of soil management technologies are 
understandably slower than for crop varieties: the major impact of 
no-till and mulch Earming will come in the next decade. 
Another technology developed by IITA’s Farming Systems Program is 
alley cropping. The system retains the basic Eeatures of bush fallow and 
constitutes an attractive alternative to shifting cultivation. On-farm 
trials and demonstrations of the system have recently been intensified by 
IITA and by ILCA (which is interested in alley cropping as a way to 
produce Podder for small ruminants). Alley cropping is already being 
adopted or tested in Costa Rica, India, Indonesia, Ivory Coast, Nigeria, 
Peru, Rwanda, Sri Lanka, Togo and Zaire. Because it permits continuous 
use of the same piece oE land, alley cropping considerably reduces the 
need for repeated land clearing, thus enabling farmers to enlarge their 
holdings and increase their production and incomes. This system is 
expected to become an important feature oE tropical agriculture by the 
mid 1990s. 
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IITA has conducted the most detailed and authoritative studies of 
land clearing methods and their effects on soil properties and subsequent 
crop production. The recommended land clearing technology that has 
emerged from these studies would arrest the situation whereby forests are 
turned into barren unproductive land within a Eew years aEter clearing by 
applying inappropriate methods developed for temperate areas. IITA ’ s 
recommended method is being adopted by World Bank funded projects and 
state government schemes in Nigeria. Much more extensive adoption is 
envisaged, resulting in the saving of Erom 2 to 4 million ha of land 
annually by the mid 1990s. 
A key activity of the Farming Systems Program is the development of 
appropriate machinery for farmers with small and medium holdings. The 
rolling injection planter, a cassava lifter and a low horsepower 
multipurpose machine for zero or minimum tillage use have all been 
developed and should see more widespread use over the next decade. 
A new thrust oE the Socio-Economics Unit of the Farming Systems 
Program is the role of women in agriculture. This project will identify 
the particular technological needs of women, indicate ways of getting 
their inputs into the formulation of research and development priorities, 
increase the extent and pace of agricultural technology adoption, and 
will help to promote social justice. 
- 
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19.2.8 _ Future impact of research at ICARDA 
Since its inception in 1977, ICARDA has been working on breeding 
improved cultivars and developing appropriate management techniques for 
the dry areas of W. Asia and N. Africa. In these dry and variable 
environments, the gestation period involved in breeding, testing, 
release, seed production and distribution of new cultivars is longer as 
compared to more stable environments. 
- 
Results stemming from ICARDA research are beginning to appear and 
potential impact in the future appears to be substantial. Even with 
conservative projections, expected benefits are high. To gauge the 
Euture impact, ICARDA research is grouped into three main areas: 
Cereals, Food Legumes: and Pasture, Forage and Livestock Improvement. 
- 
Cereal Research. The estimates of future benefits for cereals and 
food legumes are based on the following assumptions: (a) The current 
annual level oE funding in real terms ($8m) will allow maintenance 
research to continue. (b) Potential yield increases are observed by 
comparing the results of several years of multi-location Parmers’ Eields 
veriEication trials and actual average yields in U. Asia and N. Africa. 
(cl Only 50 percent of this potential increase will be realized by the 
year 2000 and 50 percent of the realized benefits will go for increased 
costs. (d) The benefits pertain to rainfed agriculture except for the 
Nile Valley Project, i.e., benefits from yield increases due to 
spillovers to irrigated agriculture are ignored. (e) These beneEits will 
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occur between 2000 and 2010. In general, gradual beneEits should be 
accruing prior to 2000 but these are ignored. 
The yield potential of wheat is over 2.6 t/ha vs actual current 
yields of 1.44 t/ha in U. Asia and N. Africa. For barley, the yield 
potential is 2.1 t/ha vs actual current barley yields of 1.16 t/ha in w. 
Asia and N. Africa. 
Using prices of $100/t for wheat and $75/t for barley, according to 
these assumptions, the benefits of cereal research will amount to $1.1 
billion a year in W. Asia and N. Africa between 2000-2010. This is 
distributed as $0.9 billion for wheat and $0.2 billion Ear barley. These 
benefits refer’ only to grain and do not take into consideration increased 
straw and grazing benefits. The increases in sheep and dairy products as 
a result of increases in barley production are not accounted for here. 
Further increases are possible with research on increased and more 
eEEicient moisture use, higher stress tolerance and increased and more 
efficient use of fertilizers. 
Barley is grown in the drier areas of the region where it has a 
comparative advantage due to its lower moisture requirements. However, 
in the drier areas, virtually no fertilizer is used in barley 
production. The Farming Systems Program identified fertilizer use on 
barley as a means to enhance productivity and stability. Phosphorus use 
increases water use efficiency by allowing higher dry matter production 
per unit of moisture: enhances maturity by l-2 weeks: increases average 
yields by over 50 percent and is profitable in most years in typical 
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barley growing areas. These results are expected to lead to a 
- 
re-evaluation of fertilizer policies for the direr areas by national 
programs. While the potential effect oE this research is not evaluated 
separately, it can be considered as complementing the potential impact of 
commodity research. 
Food Legumes Research. Future impact will stem from the development 
of cultivars and practices Ear the winter planting of chickpeas. 
Chickpeas are an important part of the diet in W. Asia and N. Africa and 
are a good source 0E protein. In this region, chickpeas are grown mainly 
in the spring. The experience from verification trials in Syria 
indicates that yields over 2 t/ha are possible. The potential to double 
the current yields of 600 kg/ha in W. Asia and N.-Africa should be 
realized within ten years. 
Winter chickpea research is allocated less than 6 percentsof the Food 
Legume’s budget, i.e., less that $O.Sm. Using a price of $250/t the 
benefits from winter planting chickpeas in W. Asia and N. Africa are 
expected to be around $60m a year between 2000 and 2010. However, 
several problems need further research in winter planting of chickpeas. 
These relate to cold tolerance, Ascochvta blight, Orobanche control, 
mechanization of harvesting and labor requirements for weeding. 
Pasture, Foraqe and Livestock Research. Around 70 percent of this 
‘research is directed toward increasing the use’of fallow land for pasture 
and forages. The potential impact of replacing Eallow with higher 
productivity pastures and forages can be stated succinctly as: 80 Mt of 
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herbage on 20 million ha, which can support 100 million ewes, and fix 60 
kg/ha of nitrogen, amounting to 1.2 Mt of nitrogen, and, most 
importantly, increase productivity and cropping intensity, and perhaps 
reduce the pressure of cultivation and grazing on marginal and fragile 
lands. 
Taking into account the increases in fallow productivity and the 
consequent increase in livestock production, increased costs of 
production, but ignoring the eEEects on cereal production through 
nitrogen fixation and the effects of reduced pressure on marginal lands, 
maintenance of research at the current level ($4.3m) should result in net 
benefits oL over $1 billion (and possibly as high as $2 billion) a year 
to accrue between 2000 and 2010. 
It should be stressed that considerable further research and action 
than that indicated for ICARDA needs to be undertaken. particularly at 
the national level. Allocation of more resources to research and 
extension, seed production, agricultural infrastructure, storage and 
agricultural policy, is needed if the potential impacts are to be 
realized. 
19.2.9 Future impact of research at ILCA 
- 
Pastoral development is constrained by many factors. As a 
consequence an integrated approach for the generation and diffusion of 
new knowledge has been adopted. Due to the nature oE the problems and 
the approach taken, the future impact of ILCA will come from’enhanced 
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knowledge of AErican livestock systems rather than, say, the developing 
of higher yielding crop species. 
OE particular note are the future returns from ILCA’s investment in 
information and documentation services. Many of Africa’s researchers, 
educators, planners and policy makers have difficulty in getting ready 
access to timely information. ILCA’s service of selective information 
dissemination is now providing 400 key livestock personnel with rapid 
access to reading data bases. This will have a broadly based return in 
training, university education, research and policy formulation. The 
linking oE individuals and institutions through var1ous.network.s (for 
byproducts, for trypanotolerance research, animal traction, livestock 
policy and legume forages) will serve to strengthen the exchange of 
information. 
The following are the major specific areas in which ILCA’s future 
impact will lie. 
\ 
- 
- 
Lequme-foodqrain-livestock svstems. Currently, livestock and food 
grain production are closely associated in many African farming systems. 
The introduction of forage legumes could greatly increase both crop and 
livestock output. Systems such as alley cropping, intercropping and 
legume-crop rotations are being explored. Most soils are deficient in 
nitrogen and phosphorous and, as applying nitrogen is rarely feasible, 
the use OP small amounts of phosphoric fertilizer can stimulate legume 
growth for biological fixation. This would raise subsequent crop yields, 
while the greater availability of leguminous forage would add to the 
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intake and utilization of other forages. For example, in the subhumid 
zone of Nigeria the use of up to 4 ha of Stvlosanthes spp. for dry-season 
feeding raises animal production and has lead to a doubling of maize 
yields using the residual nitrogen. 
Dairy production. Introduction of cross-bred dairy cows and 
leguminous Eorages can raise annual milk yields and farm cash incomes 
very substantially. Cooperative work with national programs is leading 
to the design oE smallholder dairy projects. - 
- 
Animal traction. ILCA’s work is leading to the formation of a 
regional network to assist national efforts in training, research and 
documentation. Modifications to harnesses and implements has shown that 
single oxen can be eCfectively used for cultivation. This should 
significantly increase the proportion of smallholders who can use animal 
power for crop production. 
ILCA’s animal traction research will increasingly focus on animal 
nutrition, especially the more efficient use of low-quality crop 
byproducts. the feeding value oE which can be enhanced by the strategic 
use of molasses and urea mixtures. Major revisions of African 
smallholder feeding systems for draught animals, dairy cattle and small 
ruminants are expected to result from the research. 
Pastoral assessment. ILCA is developing. a capacity to appraise 
African pastoral and agricultural resources through the use of high 
resolution satellite imagery in collaboration with NASA in the USA. 
- 
- 
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Research in progress to calibrate ground data with satellite information 
will enable within-season crop and pasture performances to be estimated. 
This will facilitate rapid national-program responses to current 
environmental conditions. 
19.2.10 Future impact of research at IFPRI 
As indicated in chzipters 11 and 12, two major types of output of the 
centers are improved research capacity of the national research systems 
and improved agricultural policy in developing countries. 
- 
As IFPRI, whose primary responsibility is for policy research, is 
relatively new to the system, much of its impact is necessarily in the 
future. There are almost no studies which quantify either the past or 
Euture benefits of policy research or improving research institutions. 
- 
- 
The outputs of the centers in this area are intermediate products 
which go into the policy making or research system along with many other 
inputs, and eventually produce a new policy or technology. The affects 
of the technology or policy on farmers’ and consumers’ incomes is the 
ultimate measure of benefits. However, the problem of attributing a 
specieic change in income to the centers is far mote tenuous than tracing 
a new variety to the centers. Despite these problems, the CGIAR; center 
directors’and national policy makers are faced with the problem oE 
deciding how much money should be invested in developing new genetic 
material as opposed to research on agricultural policy or research on 
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agricultural research. It would therefore, be useful to show the 
possible size of the payoffs. 
There are a number of policies which are forthcoming based on 
collaborative research between IFPRI and national researchers. Five are’ 
chosen to illustrate different types of impact. 
The collaborative work of IFPRI researchers with the Egyptian 
government on food subsidies ‘is described in chapter 12. On the basis oE 
that research, the government is trying to initiate a number of policies 
which will make the Egyptian system of food policies less costly, and 
more eEficient in meeting its goal oE inexpensive Eood Eor the poor. The 
first of these policies ate already in place: subsidies were decreased 
by phasing out the’ subsidy on frozen products and by restructuring the 
system of ration distribution for upper income groups. Other policies 
are under discussion. 
The shift in irrigation investment policy in the Philippines Erom 
large-scale reservoir systems to smaller-scale systems is just starting 
to have its impact on new investments. It seems likely that similar 
changes in the irrigation policies of Indonesia can be expected. 
Cost-effective ways of planning and sequencing rural infrastructure 
and designing infrastructure so that the poor will have access to it have 
been incorporated in the long-range plans in Andhra Pradesh. The same . 
process of collaborative research on lnftastructure is being carried out 
in Tamil Nadu, Zimbabwe and Zambia. It seems highly likely that the 
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infrastructural investments. 
Detailed studies of growth linkages in Malaysia and Nigeria have been 
completed and studies are being completed in India. These studies will 
lead to policy changes- on priorities Eor rural infrastructure 
investments, access to markets and services, policies toward small 
businesses and targeting of new technologies’in Malaysia, Nigeria and 
India. 
- 
- 
IFPRI’s research on African agricultural research systems is likely 
to lead to changes in research resource allocation and in the projects 
which donors choose to Eund. IFPRI’s research is part of a World Bank 
project and, as such, will have direct ‘access to the Bank, a major donor, 
and to the governments themselves, enhancing the likelihood that 
recommendations may be adopted. 
19.2.11 Future impact of research at ISNAR 
- 
- ISNAR has collaborated with a number of national research programs 
with a view to changing institutions of policies. The recommendations of 
their review missions tended to fall into three main categories: (a> 
changes in the structure or functioning of the system for more effective 
utilization oE available or potential resources: (b) determining and 
developing the necessary human resources Eor agricultural research: and 
(c) strengthening the system’s external linkages. In 12 of the 18 
countries where review missions have worked, institutional and 
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organizational changes were recommended. Because it was formed so 
recently, most oE the impact of ISNAR is still in the “pipeline”. Many 
of the institutional changes that have been proposed were accepted but 
.most oE them are still in the process of being implemented. 
In the case oE the Dominican Republic, ISNAR has made a major input 
into the process oE identifying the problems, helping to develop new 
proposals, and then convincing legislators of the need Eor the 
institutional change. The change has recently been approved, and USAID 
is planning a project to fund a new research institution. This will be 
one of the Pirst cases of an accomplished institutional change assisted 
by ISNAR. 
19.3 .Future Benefits: Selected Cases 
The following analyses of selected cases is aimed at capturing the 
principal characteristics of investment in research. These are: 
(a) There is a lag between when a project is initiated and when any 
results are first applied; 
(b) Adoption of a new technology takes time, as farmers learn and 
experiment; 
(c) Most biological technologies require continued investment to maintain 
their productivity; 
(d) expenditures by the centers are only one part of the total investment 
needed to produce and extend a new technology; and 
(e) Future uncertainties make the payoff to investment in research 
uncertain. 
- 
- 
- 
- 
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A diagramatic view of the analysis used to estimate the future 
payofEs is shown in Figure 20.1. Competing demands for the study 
resources made it impossible to deal explicitly with future 
uncertainties. Rather, the approach taken was to use assumptions that are 
overly cautious so that the results are conservative estimates. The 
results can be viewed as lower bounds on the possible outcomes. In Eact , 
such an exercise is more useful for ranking projects than for determining 
the absolute payoff to any one project. 
- 
- 
- 
- 
The selection of cases is intended to be illustrative rather than 
Eully representative. Cases are included only where sufficient 
inEormation was available to speculate about possible future ,benefits. A 
partial listing will tend to exclude many projects with mote limited 
prospects for success so that this approach does not provide insights to 
the overall return to the system. It also excludes projects whose nature 
is such that their inputs and outputs are not readily fitted into the 
Eramework shown in Figure 19.1. 
19.3.1 Upland rice in Latin America 
Collaborative efforts between the centers and national researchers 
have led to substantial increases in rice’output in Latin America. 
However, in large part, these gains tiere confined to the irrigated 
sector. Further scope for increasing the output in this sector is 
limited. 
CH19 FUTURE:SA2 5/13/85 
38 
Figure 19,1 A Model of the Returns to Research 
Benefits + 
1 
Research Lag : 
- 
0 
Research Costs I 
Maintenance Costs t- 
costs - 
I 
I 
\ 
where 
GrOSS benefits = (Area)x(Change in yield)x(Price) 
Area = (Maximum area) x (Proportion to which the technology is applicable) - 
change in yield = (Maximum expected increase in yield) x (Proportion attributed 
investment in centers) - 
Price = (Farmers price per ton) x (Proportion remaining after meeting additional 
input costs associated with implementing the technology) 
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As a consequence, increased attention has been given to upland 
systems, especially in the more favored regions of Mexico. Costa Rica, 
Guatemala, Venezuela, Colombia, Ecuador, Peru and Brazil. Vast areas of 
these infertile oxisols, while receiving adequate rainfall, suffer Erom 
high aluminum concentration. Upland rice with yields of 2 to 3.5 t/ha 
could be grown on up to 2.1 million ha of this land with tolerant 
varieties incorporating disease resistance. 
19.3.2 Biological control of cassava pests 
Joint eEforts by CIAT and IITA are aimed at developing biological 
control of green spider mites and mealybugs. These pests have spread 
rapidly and threaten much of the cassava areas of Africa and parts of 
Latin America. Resistant cultivars. clean seed and pesticides are all 
possible strategies Eor control, but the use oE natural predators seems 
to be a promising approach. 
An Africa-wide project has been proposed and initiated and the 
estimates of the research costs are drawn Prom this project together with 
allowances for research at IITA and CIAT and in the national programs. 
Yield losses from these pests are estimated to be 30 percent on average 
at present ‘. This project is the largest biological control scheme even 
attempted, and there are still biological, technical and logistic 
problems to be resolved. At present, prospects are better for mealybug 
control than for green spider mite. 
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19.3.3 Tolerance to aluminum in wheat 
Since 1974, CIMMYT has been collaborating with three Brazilian 
centers to develop wheats tolerant to aluminum toxicity. Semi-dwarf 
varieties are sought which incorporate high yield, with rust and Sevtoria 
resistance. Cultivars are at present available and steady progress is 
being made through a shuttle breeding system between Mexico and Brazil 
combined with rapid screening in the laboratory. Some advanced lines 
have been found to use phosphorus very efficiently, an important 
attribute Ear acid soils that are commonly low in available phosphorus. 
19.3.4 Heat tolerance in wheat 
A number OP countries with humid tropical environments are seeking to 
grow wheat during their coolest season. Of particular importance has 
been the development of resistance to disease due to Helminthosporium and 
Fusarium spp. Selections from spring-winter crosses are being made to 
Pind materials with greater tillering ability under high temperatures. 
Within three to Eive years, varieties should be available for Brazil, 
N. Argentina, Sudan, parts of India, Pakistan and Bangladesh. These are 
expected to raise yields 15-20 percent in years of high heat, or on 
average by 100 kg/ha. It' is recognized that yields equal to those oE 
subtemperate zones cannot be attained. 
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19.3.5 Resistance to downy mildew in maize 
- 
- 
Downy mildew is a major disease of maize Eound in S. and S.E. Asia, 
but is increasingly prevalent in Africa and Latin America. A recurrent 
selection approach was developed with Thailand and the Philippines. 
Disease resistant plants were selected in these countries, and recombined 
and further selected for desirable agronomic Eeatures in Mexico in the 
following season. By 1980 after Eour such cycles, a trial of 12 
resistant varieties was sent to 18 countries where, under severe 
infection, the new varieties yielded 14 to 81 percent higher than the 
best checks. Within three years, materials with an average 10 percent 
yield superiority should be available for 80 percent OP the crop in India 
and the Philippines, and 30 percent in Thailand, Vietnam and S. China, 
By the early 199Os, CIMMYT expects to have varieties suitable for 5 
million ha oE humid African lowlands, and Ear about one quarter oE the 
area in Mexico, Guatemala, Peru, Venezuela and Ecuador. 
19.3.6 True potato seed 
- 
- Research on true potato seed was started by CIP in 1977 and now 
involves collaborative research in 34 countries, on-farm evaluations in 
seven countries and commercial use in Eour countries. It offers several 
potential advantages over seed tubers: 
(a) The cost of seed can be markedly reduced. These savings can 
represent up to 50 percent of total production costs: 
(b) Additional tubers would be available for consumption. At present 14 
percent of output in developing countries is used as seed; 
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(c) Disease spread would be reduced: 
(d) True seed would be available for planting at any time allowing more 
flexibility to fit potatoes into cropping patterns. 
The technology is likely to be more suitable to areas where land is 
relatively scarce and labor relatively abundant as it allows more 
consumer potatoes to be produced per hectare but requires up to twice the 
labor of crops grown from seed tubers. Estimates of the potential ar,ea 
are based on the Near and Far East and China. The savings in unit costs 
- 
(assumed to be 20 percent) were expressed as an equivalent yield increase 
of 12 percent from a present average of 12 t/ha in these areas. 
19.3.7 Summary of the data 
Table 19.3 summarizes the data used in calculating the returns to 
research in these cases. In general, the following conservative 
assumption have been made: 
(a) Only 80 percent of the maximum stated area was taken as the 
potentially applicable area for the technology’ 
(b) The adoption lag was assumed to be 10 years (five years in the case 
of biological control); 
(c) The research costs include both the centers’ expenditures, together 
with allowances oE at least an equal amount for those oE national 
- 
- 
- 
programs: 
(d) Only 20 percent of the expected yield gains were attributed to 
investment by the centers; the remainder was assumed to be due to the 
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TABLE X3.3 Sumnary of Data Used to Calculate the Return to Research 
Variable Units I. 2. 3. 4. 5. 6. 
Maximum potential area mill. ha 1.7 6.1 4 5 IO 4.6 
Adoption lag 
Research costs 
Research lag 
Proportion of research 
costs needed as 
maintenance research 
years 
$m 
years 
Increase in yield kg/ha 
Price t/t 
Proportion of increased 
returns net of extra inputs 
IO 5 IO IO IO 
5 IO 4 4 3 
5 3 3 5 IO 
0.4 0.4 0.4 0.4 0.4 
300 400 150 loo 60 
250 30 150 150 100 
0.25 0.67 0.4 0.4 0.4 
IO 
5 
IO 
0.4 
290 
loo 
I.0 
I. Rice for favored upland areas of Latin America 
2. Biological control of cassava pests 
3. Tolerance to aluminum in wheat 
4. Heat tolerance in wheat 
5. Resistance to downy mildew in maize 
6. Use of true potato seed. 
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eEfort of national research and extension programs, and investment in 
rural infrastructure and in human capital: 
(e) After the critical investment period it was assumed that maintenance 
research would be needed at a level of 40 percent of the initial annual 
costs; and 
(f) All projects had a total life of 35 years. Beyond that it was 
assumed the technology had no further benefits. 
There is an inevitable element of arbitrariness in these 
assumptions. The uniform application to all projects introduces a 
potential bias in the ranking. For example, assuming that only 20 
percent oE the expected yield gains are.attributable to efforts by the 
centers may be reasonable for certain commodities in countries with 
strong national programs. In other cases, it is possible that the 
contribution by a center is very much higher. A small country wit.h a 
weak national program may depend very heavily on the receipt of Einished 
genetic material, training and scientific support from a center, in which 
case a much larger share of any realized increases in output might 
justifiably be attributed to that center. Such problems, however, 
reElect deficiencies in the data rather than necessarily in the 
framework. It merely serves to highlight the shortcomings in the 
existing level of investment analyses undertaken by the centers. 
19.4 Results and Conclusions 
- 
Table 19.4 summarizes the results for the six cases. There is no 
single index of net returns that is universally useful or accepted. The 
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Table 99.4 Future payoffs to selected technoIogi.es 
Example . Present value of 
future net benefits 
discounted at IO% p.a. 
Internal rate 
of return 
Benefit/ 
cost ratio 
I. Rice for favored upland 84 25 3.3 
areas of. Latin America 
2. Biological control of 220 41 4.5 
cassava pests 
3. Tolerance to aluminum in 
wheat 
140. 45 6.2 
4. Heat tolerance in wheat 66 28 4.0 
5. Resistance to downy mildew 32 I7 2.3 
6. Use of true potato seed 274 28 7.6 
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table presents (a) the present value of future net beneEits, (b) the 
internal rate of return, and (c> the benefit/cost ratios. The present 
value is found by discounting the difference between gross benefits and 
costs in each year at a conservatively high rate of 10 percent a year. 
Each of the technologies was evaluated under basically similar 
assumptions. All three measures of performance show wide variation. 
Given the uncertainties inherent in the analysis it is useful to examine 
the sensitivity of the results. For example, if the research lag for 
upland rice was 10 years instead of five, the net return would fall to 
$16m and 14 percent, with a benefit/cost ratio of 1.4. In contrast, if 
the yield gain for heat tolerance in wheat were 30 rather than 100 kg/ha, 
the return would fall to $5m or an internal rate of return of 11.8 
percent. 
The CGIAR system is investing of the order of $200m annually, yet 
little if any systematic attempt is made to assess the likely return to 
this investment. Without such analysis, there is no guarantee that the 
marginal returns to different projects within the system bear any 
relation to one another. It is possible that the expected returns in one 
area or commodity exceed those in another by significant amounts under 
all possible future outcomes. The scarcity of research resources demands 
that the maximum gains be extracted from any given budget. This can only 
be done if investment alternatives are viewed in terms of their expected 
payoffs. 
I 
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- 
- 
Clearly, a measure of economic efficiency cannot be the only 
criterion Eor allocating research effort. Concerns may arise Erom the 
need to develop certain regions, Eor nutritional needs, or for the 
distribution OE income among classes oE producers, between consumers and 
producers, for returns to labor, etc. It does not’ follow that imposing 
these criteria necessarily implies accepting a lower economic return. 
But the objectives need to be explicit. so that the relative merits of 
research in comparison to other policies can be gauged. Redirecting 
research eEforts to, say, an environmentally harsh setting in order to 
generate income gains for a poor community might entail considerable cost 
in terms of output foregone in another region. A clearer appreciation of 
these trade-offs would presumably lead to more informed judgements about 
the allocation of research efEort. 
Attempts to direct additional Eunding into such areas may result in a 
very much lower return than those marginal resources might have generated ” 
elsewhere. Poor subsequent performance of the research system may then 
jeopardize future Eunding. 
It is, therefore, inescapable that the system continually review the 
future expected benefits with a view to making those adjustments which 
will lead to a higher overall payoff to research. A Eirst step is to 
estimate the added value of output due to research across a number of 
producing systems. This will identify those areas where the total 
contribution of research is likely to be small. The efforts OE IRRI are 
a valuable example of this step. But a more adequate treatment must 
involve estimating the additional returns to research at different 
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levels, so that the marginal, rather than just the average returns can be 
equated across the different systems. For example, IRRI estimates that 
the annual value of extra rice from irrigated regions in S. and S.E. Asia 
until the year 2000 could be $10 billion, while Erom floating systems it 
could be $380m. At first glance, this appears to provide an allocation 
rule in which about $40 should be spent on irrigated research for every 
$1 on Eloating rice research. But the marginal return on research on 
floating rice could be many times greater (or less) than that in 
irrigated culture. Without more attention to estimating the changes in 
- 
output with respect to difEerent levels of research, little can be said 
about the eEficient use of limited rice research Eunds. Of course, the 
same is true of research allocation in other centers. 
- 
History has shown that, on average, the returns to research have been 
high. But more attention must be given to Euture impacts if these rates 
of return are to be maintained. Choices about investment in projects 
must be based on measures oE their expected contribution rather than on 
the general notion that past research has been worthwhile. 
Any statement oE future impact must recognize that still too little 
is known about the impact of expanded food production on marginal and 
fragile lands. Continued monitoring will be needed to ensure that the 
environmental consequences are adequately reflected in the design of 
technology for modern agriculture with its dependence on Eertilizer and 
water, and its narrower genetic base. While there are some analyses of 
these questions, many of the issues are still untested hypotheses. 
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The future returns will depend in part on close and effective 
collaboration with national programs. As those future returns are 
sensitive to the area oE the crop, large countries loom especially 
important. The centers will not be able to atford simply to withdraw 
from those large countries with advanced self-sustaining research 
systems. Concentrating on strengthening small weak programs may risk 
diverting the centers’ attention from the extensive areas Erom where 
their greatest contribution must continue to come. 
- 
19.5 Coda 
* Past investment in research has generally yielded high dividends. 
This experience, drawn Prom many regions various periods and for a 
variety of commodities is at the very least a reassuring guide to 
possible future returns. 
l The international research system has grown in coverage and 
complexity raising the possibility that future returns cannot be 
expected to be so high. 
* In wheat and rice, gains from the stock of knowledge existing prior 
to the centers’ formation arguably contributed to early successes. 
Such stocks were notably lacking for many other crops, and a much 
greater proportion of their output comes Erom less Eavorable 
environments. Some would argue that nature becomes successively more 
niggardly in yielding secrets. For these reasons, it is pertinent to 
consider future impacts. 
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* Any diminution in the perceived return t,o research could dampen the 
enthusiasm OE support by donors: likewise any tendency to create 
unrealistic expectations should be avoided. 
* Inevitably, the estimation of Euture impacts is Eraught with 
pitPalls. Understanding of the processes of generation and 
international diEfusion of technological change is most ImperEect. 
The mere presehtation of quantitative estimates of future net 
benefits creates an aura OE precision which may not be justified. 
* Research resources both for national and international research are 
always limiting. There are inevitably more opportunities for 
additional research than funds to match. Decisions about their 
allocation must be made - and are, in fact, made every day by donors, 
by research directors, and by scientists within specific projects. 
* Estimates OE possible future beneEits provide one extra element to be 
used in reading those judgements. They cannot supplant the inEormed 
insight, experience and accumulated knowledge that have always Eormed 
the cornerstone of decisions about internationally funded research. 
At best, they can help in the ranking of projects, they can indicate 
where shiEts in emphasis might raise total returns and they can 
signal projects whose expected payoEE.would be so low as to be quite 
unattractive. 
* A wide range of Eorthcoming results Erom the centers has been 
reviewed. They indicate that, potentially, there are still some very 
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substantial gains to be made. This is particularly true of widely 
adapted technologies relevant to large areas. 
* In almost every centre, success during the next decade in just one 
major project would generate returns far in excess of the cost oE the 
cent re . In some cases, success in one project would generate 
beneEits greater than the present costs of the entire CGIAR system. 
* six speciEic projects examined yielded expected annual rates of 
return OE between 20 and 40 percent, even with a small share OE very 
modest gains in productivity attributed to the investment. by the 
centers. 
* The Eact that the work oE all centers has applicability over wide 
areas almost predetermines a high rate of return to even small 
increases in productivity. This will mean, however, that the return 
in a particular country may not be very high if the volume of 
production is small and the national program needs extensive 
supporting. 
* Neither the centers nor the system acting collectively have invested 
much effort in attempting to assess the return to.an annual 
investment oE $200m. There can be Eew other institutions either 
public or private who devote such a small share OE their portfolio to 
providing the best possible information about the expected return to 
investment. 
CH19 FUTURE:SA2 5/13/85 
Appendix Table 19.1 Estimated value of gains from rice research leading to increased rice production 
(area , yield of rough rice, croping intensity) in South and Southeast Asia to year 2000). 
Rice Culture Type (000 ha): Irrigated Rainfed 
U,ni t s I crop 2 Crop Shallow Interme- Very Dryland Total 
diate Deep 
t PRESENT (I980 Haivested area (000 ha) 30375 I I587 5290 I I593 87712 
Rice yield 
Product ion 
U crop (yield in 2000) 
Crop intensity, rice 
Crop intensity U crop 
Geographic area 
(t/ha) 
(Mt 1 
(t/ha) 
(000 ha) 
3 3.5 1.8 I.4 I I 
40.92 53.29 ‘54.68 16.22 5.29 Il.53 
.5 .5 .3 .3 .3 .2 
.9 1.8 .9 .7 .7 .8 
.3 .2 .I .3 .3 ..5 
15157 84 59 33750 16553 7557 14491 
AT 2000 Irrigated increase(l.5%) (000 ha) 47.31 5281 -4946 - 1887 
Wer land check (000 ha) 20414 I1393 28255 13857 
Rainfed increse (000 ha) 0 0 4500 500 
Harvested area (000 ha) 18372 20507 29929 I0200 
Geographic area (000 ha) 20414 I I393 33255 14572 
Change rice yield 
Change rice intensity 
Change U crop intesi ty 
Rice price 
U crop price 
($/ton) 
($/ton) 
I .2 .9 .8 .8 
.4 .5 3 
.2 
I;: 
:t 
.2 
0 
too 100 100 
I50 I50 I50 I50 
Change due to Rice (no research) (Sm) 
Irrigation U crop (no research) ($fll) 
RICE Research Rice-old area ($71) 
(no intensity) Rice-new area ( $111) 
Rice total (Sm) 
1419.37 1848.35 -890.226 -264.169 
118.28 44.01 -98.91 -36.39 
926.96 
t 10.95 
-816.01 
INTENSITY 
if feet 
Rice area change 
U crop area change 
Old Technology: Value Rice, OT 
Value II crop 
New Technology: Value IntMTech 
VALtJE RESEARCHtIRRICATION+INTENStFICATION 
(000 ha) 
(000 ha) 
15:; 
(Sm) 
( $111) 
(%) 
1636.92 1370.34 2430.00 
567.75 475.2887 -35.66 
2204.67 1845.629 2394.34 
8165.44 5696.38 9976.43 
4082.72 2278.55 3325.48 
2449.63 1993.735 1795.76 
306.20 170.89 149.65 
979.85 512.67 798.11 
6059 4567 5039 
33 25 27 
. 56.34 43.52 49.80 
5634 4352 4988 
32 _ 25 29 
424 215 51 
153x 1892 -989 
97.26 96.81 04. 56 
4.42 3.fJ3( 1.2s 
2914.31 
0.00 
408.00 
0.00 
233.14 
I421 
8 
Added Paddy Product ion 1980-2000 
Added value of rice from research 
Added value of upland crops 
Irrigation ef feet, no research 
Paddy rice production at 2000 
Annllal ~compound growth rate 
(Mt 1 
($1) 
(%) 
( $111) 
( Srr1) 
(Mt) 
(%) 
14.57 
14 57 
8 
-36 
-301 
30.79 
3.26 
0 0 
7557 I4491 
0 1200 
5290 12793 
7557 15991 
.5 .5 
.I 0 
IO:, ti; 
I50 I50 
0 0 
0.00 0.00 
264. 5 579.65 
0.00 60.00 
264.5 639.65 
755.71 0.00 
755.71 4797.38 
75.57 0.00 
34.01 143.92 
37.79 0.00 
4t2 784 
2 4 
3.78 6.40 
378 640 
2 4 
34 I44 
0 0 
9.07 17.VY 
2.73 2.22 
182 
95967 
3 t 80 
95967 
6200 
97092 
103181 
cn 
21 I3 h) 
27 
7208 
956 
8165 
27508 
I5240 
6723 
805 
2562 
18281 
IO0 
t 74 
I7449 
too 
832 
2140 
356 
3.42 
Appendix Table 19.2 Estimated cost savings from research leading to increased fertilizer and pest management 
efficiency on.rice in South and Southeast at the year 2000. 
Rice Culture Type (000 ha) 
Irrigated Rainfed 
Units I Crop 2 Crop Shallow Deepwater Floating Dryland Total 
PRESENT 11980) Har ves ted area (000 ha) 13641 I5226 30375 1 I587 5290 I I593 87712 
Crop intensity, rice 
Crop intensity U crop 
Geographic area 
N-fertilizer 
Urea check 
Insecticide use 
(000 ha) 
(kg/ha) 
19YEa1’ 
.9 
.3 
15157 
50 
682.05 
IO 
I.8 
.2 
8459 
65 
989.69 
IO 
.9 
337;; 
30 
911.25 
6 
.7 
3 
165;3 
5 
57.935 
2 
.7 
.3 
7557 
5 
26.45 
I 
.a 
.5 
I4491 
57.96: 
I 
95967 
2725 
AT 2000 Irrigated increase(l.5’1;) (000 ha) 4731 5281 -4946 -1887 0 0 3180 
Wetland check (000 ha) 20414 I I393 28255 I3857 75.57 14491 95967 
Rainfed increse (000 ha) 0 0 4500 500 0 I200 6200 
Harvested area (000 ha) 18372 20507 29929 10200 5290 12793 97092 
Geographic area (000 ha) 204 I4 II393 33255 14572 7557 15991 103181 
Change rice intensity .4 .5 .3 .2 .I 0 
Fertilizei use No research 
Insecticide use No research 
Fertilizer use, no intensity effect 
Fertilizer use, intensity effect 
Fertilizer use, total, 30% efficiency 
Fertilizer use, total, 40% efficiency 
Fert i I izer saving 
(kg/ha) 132.66 172.46 79.60 13.27 13.27 13.27 
($/ha) 21.91 21.91 13.15 4.38 2.19 2.19 
(000 t) 2437.34 3536.70 2382.32 135.32 70.18 149.72 8732 
(000 t) 974.93 1768.35 714.70 27.06 7.02 0.00 3492 
(000 t) 3412.27 5305.05 3097.02 162.38 77.20 169.72 12224 
(000 t) 2559.20 3978.79 2322.77 121 .79 57.90 127.29 9168 
(000 t) 853.07 1326.26 774.26 40.60 19.30 42.43 30 56 
Value N-saving 
Insecticide use, no intensity effect 
Insecticide use, intensity effect 
Total insecticide, No IPM 
Insecticide use, with IPM 
Value Insecticide saved 
(Sm) 127.96 198.94 116.14 6.09 2.89 6.36 458 
(%I 27.92 43.40 25.34 I .33 0.63 I .39 100 
(Sm) 
I;:; 
(Sm) 
402.56 449.33 393.47 44.70 I I. 59 28.03 1330 
161 .02 224.67 I 18.04 8.94 I.16 0.00 514 
563.58 674.00 511.51 53.64 12.75 28.03 1844 
281.79 337.00 255.76 26.82 6.38 14.02 922 
(Sm) 
(46) 
Efficiency Savings (Sm) 
(%) 
282 
31 
410 
30 
337 256 27 6 
37 28 3 I 
536 372 33 9 
39 27 2 I 
I4 
2 
20 
I 
922 
100 
1380 
100 
See Appendix I and 2 for assumptions contained in Table 2. E j O.E. 
Appendix Table 19.3 Selected new bean technologies soon to be ava lable at farm level. 
Characteristic 
Approximate Date Estimated Yield Probability of 
of Availability Gain Attainment 
Earliness 86 Reduced instability 
by drought avoidance 
and area increase 
through increased 
cropping intensity 
Integrated Web 81 ight Control 86 30-50% + area 
expansion 
Ret i ned l:arget Area/Problem 86 Gradual increase 
Uiaynosis throuql On-Farm Trials, 
lkonomic Surveys and Agro-ecology 
SCudies. 
improved I0cal Adaption of Materials 87-88 
‘I’hrollgl~ Decentralized Selection 
t.o National Progc~~ms Supported by 
Training. 
20% 
Aslly Stem Blight Resistance 
Lateness 
07 30% 
07 50% 
Disease Resistanzs through 
Inter specific Hybridization 
a) Bacterial 131ight 
b) Ascochyta Leaf Spot 
87 
90 
10% 
10% 
Potential 
Area of 
Impact 
(‘000 ha. 1 Region of Impact 
Very high 1200 
Medium to high 300 
High 860 
Hi gh 
High : 600 
Medium to high 400 
4500 
lligh 
Med i urn 
700 
80 
Central bmerica. N.E 
Brazil, Kenya, Middle Ea!;I 
Peru, Mexican Highlands. 
Warm humid parts of Brrl?i I 
Central America, Argent IIti,l 
Short term in Rwanda, 
Burundi, Colombia, Ecuatln~. 
hrgentiw, Costa’ Rica. 
Elexico, Cuba, Turkey, E. 
Africa, Erazil, Central 
America. 
In 
.P 
Middle East, N.E. Brazil. 
Noderately favored or 
irrigated areas in Mexico, 
Brazil piddle East, 
Argentina. 
Tropical Brazil, Mexico, 
Argentina, Central Amcr.lc-;~ 
Iligh.land Guatemala, Peru, 
Ecuador, Colombia. 
Appendix Table 19.3 (cont.) 
Characteristic 
I)rotrqht Tolerance 
Nitrogen Fixation 
Dean Fly Resistant::! 
Tolerance to Low-Vertility 
Soi 1s 
Plant Architecture and Yield 
Potent.ial 
Approximate Date 
of Availability 
Estimated Yield 
Gain 
87-88 
tla-89 
88-89 
90 
92-95 
Increased stability 
and up to 10% averaqe 
yield increase 
15% plus fer-tilizer 
savings 
10-158 
15% 
* 25-30% 
6 Potential 
Probability of Area of 
Attainment Impact Region of Impact 
(000 ha.) 
- 
Medium 500 Kenya, Mexican Highlands 
Middle East, 
Reasonable 
chance 
250 Africa. )3’ome areas in 
Mexico: - 
Medium 500 Drier bean areas of Africa 
Medium 
Reasonable 
chance 
2500 
350 
Brazil, Africa 
Coastal Mexico and Peru, s 
Turkey, irrigated Brazi 1, 
Argentina. 
Appendi,x Table 19.4 Pipeline developments. in cassava research. 
A: Germplasm Description of produc- 
tion problems 
Region of expect- 
ed impact (See 
colums V, VI) 
Expected yield 
increase throw/l 
improved germplasm 
Ttlhalyear) 
Edaphoclimatic zone 1 
(lowland tropics with 
long dry season, low 
to moderate rainfall 
high temperature 
year-round) 
Edaphoclimatic zone 2 
(acid soil savannas 
,with moderate to long 
dry season, low 
relative humidity 
during dry season). 
Edaphoclimatic zone 3 
(lowland tropics with 
no -pronounced dry 
season, high rainfall. 
constant relative high 
humidity) 
Edaphoclimatic zone 4 
(medium altitude (&loo- 
1500 m) tropics with 
moderate temperature 
and rainfall) 
Edaphoclimatic zone 5 
(cool tropical high- 
land (1600-2200 m) 
with mean tempera- 
tures of 17-2O“C) 
Etlaphoclimatic zone 6 
(subtropical areas 
with cool winters and 
fluctuating day 
length) 
Drought, mites, 
thrips, mealybugs, 
termites, bacteriosis. 
root rots. viruses 
Atlantic Coast of 
Colombia 
N .E. Brazil 
Thailand 
Panama S-10 t/ha 
India 
Low soil fertility, 
drought, bacteriosis, 
superelongation, 
anthracnose, 
Cercospora leafspot, 
mites, mealybugs, 
lacebugs 
Plains of Colombia 
and Venezuela 
Cerrados of Brazil 
Savannas of S.E. 
Mexico 5-10 t/ha 
Low soil fertility, root Tropical rain- 
rot, Cercospora forest areas of 
leafspot superelonga- Latin America 
tion, anthracnose tlot humid low- 
lands of Africa lO+ t/ha 
( IITA-lines with 
CIAT germplasm- 
input) Philippines 
Indonesia 
Thrips. mites, Medium altitude 
mealybugs, bacteriosis, Andean zone of 
mycoplasma, Latin America 
anthracnose, root rots. Kenya, Cameroon 
viruses (1lTA lines with 8-15 t/ha 
CIAT germplasm 
input) 
Sri Lanka, India 
Low temnerature. 
Phome leafspot, 
anthracnose. mites. 
long growing cycle. 
Medium to high 
altitude Andean 
zone of Latin 
America, Kenya, 
Rwanda, Burundi, 
Cameroon (IITA- 
lines with CIAT 
germplasm input) 4-a t/ha 
I,ow winter temperature Southern Brazil 
bacteriosis, and Paraguay 
anthracnose, Mexico, Cuba and 
superelongation, the Caribbean 
photo-period N.1:. India, China a-12 t/ha 
Time lag until Probability of 
major varietal acceptance of new 
improved germ- varieties 
O-5 years Good 
O-6 years Good 
O-8 years 
Good in the 
Philippines; 
moderate in other 
countries 
O-5 years 
Moderate in Africa 
and Asia: excellent in 
Latin America 
4-6 years Moderate 
7 years Excellent 
Appendix Table 19;4 (cont.) 
Time lag until Change of adoption 
e 
Now being 
adopted 
Moderate in Latin 
America 
Good in Africa 
B. Cultural practices Description of 
problems to be attacked 
Kegion of Impact Expected yield 
increase through 
cultural practices 
Biological control 
methods predator5 
parasites and 
pathogens 
Mites, mealybugs. 
hornworm. root rots 
Africa 
N. E. Brazil 
Andean zone of 
Latin America 
Y i&l losses 
estimated at 30-408 
of present 
production levels 
Africa 
Latin America 
Up to 60% 
commercial yield 
Asia losses to be avoided 
Now being 
adopted 
Moderate Estimated practices Cyrtomenus ber i root 
rot, ---% erosion pro lems, 
fertility mainienance 
Mycorrhiza cultures Low phosphorus levels 
in soil 
Plains of Colombia 
and Venezuela 
Cerrados of Brazil 
Tropical rain- 
forest areas 
S.E. Asia 
Parts of Andean 
zone 
+ 30% 5-7 years Poor 
Low germinalion, early 
disease and insect 
incidence, harvest to 
planting time lags 
Stake selection and 
treatment 
Everywhere + 70% Now being used Good 
Improved 
intercropping 
50% increases in 
expected profits/ 
ha for overall 
system 
Diseaselpest incidence, 
soil fertility, risk 
spreading 
Locally dependent 
on problems in 
present cassava 
growing aird on 
market conditions 
O-5 years Good 
ln 
-4 
C: Utilization 
practices 
Chance of adoption 
adoption 
Description of problems 
to be attacked 
Region of Impact 
Avoidance of IO-158 
poStbarvest 1OsSeS 
Decreased fresh 
cassava margins 
Increased consumer 
demand 
2-4 years 
In areas where 
adopted, adoption will 
quickly reach 100% 
Fresh cassava storage Postharvest 
deterioration 
Urban Latin 
America 
tlrban Asia 
Development of 
cassava drying 
operations 
Low qualily. 
seasonality of natural 
drying, drying time, 
cyanide decomposition 
Carbohydrate- 
deficient tropical 
countries 
Rural industrializa- 
tion and employment 
Inductiorl toward 
yield increasing 
technology 
Now being 
adopted 
Excellent 
Cassava product 
development 
Composite flour mixing, 
animal feed diets 
Carbohytlrate- 
clcficicnt tropical 
countries 
Rural industrializa- Animal feed now 
tion and employment a reality 
Increased utiliza- 4-7 years for 
tion of local/ composite flours 
nation rt:6ourcrs etc. 
Composite flour 
moderate 
Animal feed excellent 
Appendix Table 19.5 Pipeline: New germplasm reaching release. 
LLPNOS P% cERriAoo5 PZ HnIO TRIPICS PX 
ce”trasRM macrocarpm and Centrosema 5p1 
accessions selected for their tolerance to 
Ahiroctonia and bacteriosis. as well as -- 
lower in 5011 fertility requiremnts 
Arachis pintoii: legme corrpatibla 
with aggressive grasses of 
Brachiaria spp 
80 Stylosanthes quianensis “pawif lora” : 
selectians better than “Eandeirante” (al- 
ready released cultivar) in terms of 
seed productim and palatability 
70 Stylosanthes macrocephalar better 
than “Pioneiro” (already released 
cultivar) in terms of 
persistence under grazing 
Stylosanthes macrocephalar alternatiue 
to s.capitata C”. “Capica”. 
(already released in Colombia) 
70 
Grasses 
Stylasanthes capitatar selectibns tolerant 
to anthracnose and persistent, 
under grazing 
Stylosathes quianenslst selections 
enuirormentally adapted to surviue 
and produce high-quality 
forage under anthracnose pressure 
90 
80 Oesrmdiun ovalifoliunr selections with 
better palatability tolerance 
to stem gall nematode, 
and corrpatible with Erachiarla spp. 
as well as tolerant to shading 
70 
70 Demodim heterophyllun: well adapted 
selections to lw soil 
fertility; compatible with 
Brachiarla spp. 
70 
Grasses 
50 Andropogon -I selections 
with better seedling vigor, 
able to cm’Qete better with 
weeds at establishment 
Brachlaria brizantha c” “Plaran&“r -- 
EI’BRAPA already released this grass 
in Brazil for its tolerance to 
spittle tP+ Play play an inportant 
role in this and other ecosystems 
50 
Brachiarla dyctioneurar alternatlue to 
8.decuikns with better tolerance to 
spittle bug and better quality and higher 
seed production than B.hunidiccAa -- 
70 
El 
Appendix Table 19.5 (cont.) 
Ll.AM!lS PI CEmAcin PI nFl1rJ 1RLP1c5 PX 
PEDIWI TEPA (5 to 10 years) 
5, guianensis (breeding lines) I 
selections tolerant to anthracnose 
high seed yielders and of 
improved palatability 
50 Centroseme spp: selections of this 
genus with good seed yield 
potential and tolerance 
to drought stress 
O.oualifoliun: selections tolerant 
to stem gall nematode and 
Synchitriun (false rust), es well as 
of higher palatability and quality 
Zornia glabra: selection of accessions 
tolerant to Sphaceloma and of higher 
persistence under a wide range 
of grazing management systems. 
~ueraria spp: new selected species 
with lower fertilizer requirements 
then “Kudru” and with better pasture 
attributes 
5. capitata: new selections with 
better stability and persistence 
in association with aqqressiue 
grasses 
50 
so 
50 
30 
Zornia sppr selections of 
Z.latifolie and z. glabra 
adapted to 
1 
he upper Uarsea 
environment 
Pueraria sppr selections for well-drained. 
as we11 3s upper Varsea 
enulrorments. in the former case 
tolerant to drought stress: in 
the letter, to water logging 
Demodim ovalifoliun: selections for 
upper llarsea. with tolerance 
to “little leaf” mycoplawna 
Arachis wr for upper Varsea 
environment 
50 Arachis pintoiir canpatible 
with Brachiaria spp. 
Stylosanthes spp: new selectlms 
tolerant to anthracnose 
50 Centroseme sppr selections tolerant 
to Rhlzoctonia. Cercospora and 
bacteriosis; also tolerant to 
shaded environments 
SO Zornia sppr selections of 
high quality end better palatability, 
tolerant to sJ2h aceloma 
50 
SO 
Pueraria spp, selections with -- 
better palatability and better 
persietence under grazing 
Shrubby lequnes 
Eritrina sppx forage end 
living fence selections 
Glericidia sppz forage and 
liuing fence selections 
Native shrubby leqaes: several 
selections for shade, living 
fence, and/or forage 
50 
. . 
50 
50 
z 
50 
50 
Appendix Table 19,5 (cont.) 
LLANOS P% ulillALn3s PS Hum TRaw3 PS 
Grasses Grasses Grasses 
p. maximun: selections with low fertilizer 
requirements and tolerant to 
spittle buq 
50 Brachiaria spp: spittle bug 
tolerant new materials 
8 50 Brachiarla spp: spittle bug 
tolerant, high-quality end 
hi* carrying capacity selections.. 
70 
Brachiaria sppt selections of species 
and accessions 
tolerant to spittle bug 
-Xl panicum maxinumt Spittle bug -- 
tolerant end low 
nutrient requirements 
Andropoqon gaymust New short-statured 
SeleCtions more carpatible with legume 
than GIRT 621 (already released) 
70 Peepalm spp and Axonopus sppr 
select1 
Chapads 
9 
ns adapted to the 
end Varsea enuiroanents 
50 
50 
Panicun maximm: selections -- 
with lower nutrient 
requirements. 
Hyparrhenia rufa: selections - 
with lower nutrient 
requirements. 
Axompus sppr Shade- 
tolerant. highly productive 
selections 
so 
50 
ostiiua sgp 
Centrosema epp 
Zornia spp 
Pueraria z 
20 
20 
20 
20 
Breeding lines end 
new accesssions of 
Centrosma spp 
Zornia spp 
Stylosanthes spp 
Shrubby legunes 
20 
20 
20 
20 
oifficult to vlsuelize et 
et this point in time 
Grasses 
Andropoqm gayanus 20 
Grasses 
Other new spittle bug 
tolerant grasses 
20 
’ Lowlands prone to seasonal poor drainage. 
2 
Hi@ plateaus with grassy vegetation, very poor soils and prone to high water table. 
Appendix Table 19.6 Expected impaf,:Ic of pipeline pasture technology at ::ne farm level. 
lerhnolagy main Feature 
Time Horizon 
Ib>til Initial Area of Potential Impact 
Impact 
Probability main 50urce of Uncertainty 
of Success 
S~~VANNA Ecoswrms 
Low-cost pasture 
establishment techniques 
Comwrcial fattening of 
steers on legurn.-grass 
associations 
fiilk production on legune 
grass assnciatlons 
strategic use 04 improved 
pasture 
1nQrovemnt of native Production of savanna limited mainly by forage Qamlity; 
savanna through introduc- introdwod legunes would inxease quality and make 
tion of legumes burning lnnecessary 
Development of ;&grated 
crop-livestock operations 
Crops can inptoue cash flow of pasture establishnenti 
accunulated fertility under pastures can be used for crop 
production and simultaneous reestablislment of pastures 
Generalized ado&ion of 
legume-grass associations 
Hum10 lROPIC5 
Release of 2. qbianensis 
and & gayanus 
Reclamation of lIegraded 
grass pastures 
Development of -liable 
agrosilvopastoral systems 
Reduce cost of land preparation using adapted plants and 
minim till technig”Ss; retie fertilizer and seed costs 
by managing soil mineralization, rhizobial N fixation. VA 
mycorrhiza populations and slow-release fertilizers 
Increase prodwtion per head by about 50 kg/head/yr beyond 
iSue achieued on existing Qrass pasture 
Expand dairy Production into regions dlere preuiausly not 
feasible 
Use small areas of iwtoved pastures to: (a) supplement 
selected cows. (b) feed early weaned calues. (c) fatten 
cull cows; and (d) raise calving rates from EdI% to 75% 
Inprove animal performance; increase stock ntiers; 
expand utilization of frontier lands 
Both materials have been tested thorow$ghly and are 
expected to outperform presently available materials in 
this ecosystem 
Adapted legune and grass gerwlasm. limited amxmts of 
phosphorous and appropriate management are expected to 
increase StoCkinQ rate from 0.5 to 2.0 an/ha and double 
weight gains per animal on a sustainable basis 
Integrated farming System with pastures and trees ranging 
from trees for shade and living fences in livestock opera- 
tions to introrAlcing pastures into tree plantations 
short 
short 
short 
short 
to 
medium 
mediun 
mediun 
long 
short 
medlun 
mediun 
300 million ha 
Farms close to markets 
Smaller farms, close to 
markets 
Extensive cow-calf operatinrrj 
distant fran markets 
Extensive systems of both 
Llanos and Cerrado, here 
lands is cheap 
Pbre intensive, arable 
a*eas of savannas close 
to markets 
300 million ha 
Land cleared h the Peruvian 
and Brazilian forest 
About 3 million ha of 
degraded pastures existent 
in the Amazon 
6 million ha (lO$ of hunid 
tropics in Latin America) 
high 
high 
media-high 
mediun-hi@ 
n!ediun 
mediun-hlgh 
rrediun 
mediun-high 
mediun-hi@ 
mediun 
Comnercial viability of mycorrhlrs management and nf 
use of nonconventional fertilizers 
Availability of legune seed + credit for pasture 
establishment 
Development of road and processing infrastructure, 
pasture seed + credit, genetic potential of prevailinn 
cattle 
Low prices of land may make inuestment, even in low 
cost improved pastures. not as attractive as closer to 
the markets; irrreased managemnt requirements 
Increased management requirements; persistence and 
contribution of legumes still being studied 
Development of acid-tolerant varieties of main ccoP?. 
Incorn growth and growth Ln demand of beef and milk; 
policy decisions by governments 
Seed availability 
Credit, seed availability 
markets for tree crops! increased manaQement. 
requirements 
Appendix Table 19.7 
CHARACTERISTIC 
‘(lSEP84) 
PIPELINE: MAIZE GERMPLASM 
APPROXIMATE POTENTIAL USE, AREA, YIELDS 
AVAILABILITY 
NATIONAL PROGRAMS 
(A principal pipeline product will be a continuing impfovement in the level and stability of 
yields from materials developed through the international maize network.) 
1. Downy Mildew by 1987 
by 1991 
10% yield increase in 80 percent of India 
and Philippine area, 30 percent Thai',.Viet 
Nam, and South China area. 
5% yield increase in humid lowland Africa 
(about 5,000,009 has.);-in 20 percent area 
Mexico, in 30 percent area Guatemala, in 25 
percent Peru and Venezuela, and in 20 percent 
Ecuador. 
2. Streak Virus by 1989 5-10% yield increase in lo-15 percent area 
Is 
resistance Sub-Sahara Africa. 
3. Accommodate late ' by 1991 15% yield increase on 25 percent of full 
drought season maize areas, 
(Note f Now delivering materials with generalized capacity to accommodate drought.) 
, 
Appendix Table 19.7 (cont.) 
CHARACTERISTIC APPROXIMATE 
AVAILABILITY 
NATIONAL PROGRAMS 
POTENTIAL USE, AREA, YIELDS 
4. Earliness Now available 
but not fully 
distributed. 
Offers drought escape and opportunity for 
intensification of cropping. 
5. Army-worm 
resistance 
6. Ear worm resistance by 1991 
7. Aluminum tolerance 
8. New Germplasm 
a. Soft floury 
b. Amazon humid 
C. Inbred lines 
by 1991 
by 1991 
by 1931 
by 1995 
by 1990 
Up to 20% yield experience for areas 
suffering drought. 
IQ% yield increase in Andean region. 
Some 10% yield increase on about 6m. million 
hectares in Brazil, Colombia, Mexico, Kenya, 
and others. 
For Andean, Paraguay, isolated areas Brazil; 
say 15% yield increase on 600,000 has. 
For jungle areas Brazil and Paraguay, area 
unknown. 
Wide interest. 
Appendix Table 19.8 
(lSEP84) 
PIPELINE: WHEAT GERMPLASM 
CHARACTERISTIC APPROX.IMATE 
AVAILABILITY 
NATIONAL 
PROGRAMS 
AREA OF APPROXIMATE PRINCIPAL 
POTENTIAL YIELD REGIONS/COUNTRIES 
APPLICABILITY ADVANTAGE 'FOR POTENTIAL USE 
1. Accommodation to 1984 
presence of free 
aluminum 
(Cultivars available 
now with improve- 
ments coming along 
steadily.) 
2, Earliness 1984 
3. Septoria '(T) 
resistance 
(Cultivars available 
now with improve- 
ments coming along 
steadily.) 
1985 
lo-15 M Has. 20-25% 
159-200 kgs/ha 
lo-20 M Has. s-10% 
where late heat or 
drought reduces yield. 
More intense 
cropping patterns 
in other areas with 
wheat yields roughly 
maintained. 
5 M Has. lo-208 in years of 
infection. Say 3-58 
average, 75-100 kgs/ 
ha. 
*Brazil, Paraguay; 
Kenya, Zambia; 
Mexico; Others 
with acid soils 
and severe foliar 
disease 
Sind of Pakistan 
NE India, Madra 
Pradesh India, g 
Brazil, Paraguay 
China and Korea 
Northern India 
Bangladesh, 
Pakistan, China. 
Mediterranean 
Basin, along 
coast. Southern 
Brazil and N. 
Argentina 
Appendix Table 19.8. (cont.) 
CHARACTERISTIC APPROXIMATE AREA OF APPROXIMATE POTENTIAL 
AVAILABILITY POTENTIAL YIELD REGIONS/COUNTRIES ., 
NATIONAL APPLICABILITY ADVANTAGE FOR POTENTIAL USE 
PROGRAMS 
4. Heat 
Tolerance 
1988 5 M Has. 15-208 in years of 
high heat, say 10% 
average. 
100 kgs/has. 
5. Helminthosporium (S.) 1990 
.6. Scab Resistance 
7. Wide crosses for 
added resistance to 
disease and stress 
As well, this quality 
will open new areas to 
wheat production. 
10 M Has. ‘lo-20% in years of 
high infection. 
This quality will 
open up significant 
areas to potential 
wheat production. 
- 
1990 
1995 
5 M Has.. 
Widespread 
depending 
on charac- 
ter. 
lo-15% 
Significant increase 
in yield plus added 
yield stability. 
Brazil, N. 
Argentina, Sudan 
Sind of Pakistan 
NE India, 
Bangladesh, ' 
Burma, 'Central 
India. 
Brazil, Bolivia, 
certain African 
countries. 
cn 
WI 
China, Brazil, 
Paraguay, 
Uruguay, E. 
Africa. 
Widespread. 
Appendix Table 19.8 (cont.) 
CHARACTERISTIC APPROXIMATE 
AVAILABILITY 
NATIONAL 
PROGRAMS 
AREA OF APPROXIMATE POTENTIAL 
POTENTIAL YIELD REGIONS/COUNTRIES 
APPLICABILITY ADVANTAGE FOR POTENTIAL USE 
8 
8. Improved winter 
wheat germplasm 
.1990 20 M Has. 
. 
9. Better grain type 1986 5MHas. 
for Triticale 
10. Stem rust'resistance 
in Durums. 
1987 ' 3 M Has. 
11. Capacity to 
accommodate drought 
1990 and 
following. 
12. BYVD 1988 
Widespread 
30 M Has. 
Up to 20%, say 
average of 10%. 
100 kgs/ha. 
so-lO%, 
75 kgs/ha. 
S-10% in years 
of infestation. 
25-50 kgs. on 
average. 
lo-15% with 
droughthy 
conditions, 25- 
50 kgs/ha average 
S-10% in years of 
occurrence. 
75 kg/ha. average. 
China, Korea, 
Turkey, Iran, 
Afghanistan. 
Where drought, 
soils', and 
disease limit 
wheat production. 
New areas could be 
opened to small 
grains. 
N. Africa, 
Ethiopia, Middle% 
East. 
Low rainfall 
areas. 
Most major wheat 
areas.. 
